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1.0 Executive S‘ummary

The Process De\ifeIOpment Unit (PDU) was operated with a com fiber blend (corn fiber and corn screenings) for
approximately six weeks using the Amoco Pretreatment Reactor (APR), the seed fermentation train, fermentation
support equipment, three of the main 9000-L fermenters, the fourth fermenter as a kill tank, and distillation and
centrifugation s‘ystems. The run utilized the recombinant yeast strain, LNHST?, to simultaneously co-ferment
glucose and xylose to ethanol. The APR and fermentation equipment operated continuously for 47 days from
March 14 through April 29. Near the end of the run, an ethanol recycle stream was added to the first 9000-L
fermenter to raise the ethanol concentration to 4.5%.

The APR was oLerated continuously throughout the six week period with three major shutdowns (one day or
longer). Within this period was a 16 day run with only 12 hours of downtime. Throughout most of the run there
was a gradual decline in pretreatment performance, shown by decreasing monomeric sugar concentrations in the
APR product. Glucose yields (from total soluble glucose) in the pretreated slurry remained relatively constant
at 60%—80%, which would be expected from complete starch hydrolysis. Xylose yields (from total soluble
xylose) ranged from 100%—70%, declining throughout the run. Carbon balance data on three pretreatment
samples were within = 10% of complete closure, although individual component carbon balances were more
variable.

Monomeric glucose was completely utilized during the fermentation, however, little or no xylose was converted
to ethanol. This! may be caused by a combination of the inhibitors produced during pretreatment and ethanol.
Ethanol concentrations reached 4.5% during the early part of the run in the final 9000-L fermenter, but decreased
t0 3.5% as sugar concentrations dropped in the pretreated feed. Ethanol process yields (based on C6 sugars and
xylose) at 40% V\‘/ere low because of unconverted xylose, oligomeric glucose, and cellulose. Metabolic ethanol
yields were genei’ally near 75%. Approximately 80% of the products from the sugars were accounted for from

mass balance data‘l.

A bacterial contm!ninam (lactobacillus) was detected throughout the run, but only two major outbreaks occurred
that required the hse of antibiotics. The contaminant consumed arabinose, producing lactic and acetic acid, and
did not appear to have a major impact on glucose fermentation. Although, there was already little xylose
conversion, thesq high acid levels (each at 10—20 g/L) would have certainly inhibited any xylose conversion.

Many of the obj;ectives for this run were successfully met, such as, steady state operation of the APR and
fermentation train for a period of two weeks, elimination of continuous inoculation, adequate production of
sugars by the APR, achieving target solids concentration (25%) and residence times (36 hours per fermenter) in
fermentation, and collecting 5.8 tons of dry product for animal feed testing. The ethanol recycle stream was not
used to raise ethanol concentrations to 8.0% as originally envisioned because of concerns about ethanol

inhibition.



2.0 Introduction

The primary purpose of this run was to demonstrate continuous operation of the PDU using the APR for
pretreatment and the Purdue recombinant yeast (LNHST2) for simultaneous saccharification and co-fermentation
(SSCF) of glucose and xylose. In addition, the run was to prove steady state operation at a high solids level
(25%), demonstrate adequacy of the kinetics model, prove yeast growth is sufficient to eliminate inoculum
addition, and provide representative product for animal feed testing. The run follows the successful
demonstration of LNHST?2 performance in batch culture in the PDU fermenters in Task 3. This run showed some
conversion of xylose to ethanol at a 25% solids concentrations and laboratory work showed that is should be
possible to eliminate continuous inoculation. Before the start of Task 4, an automated system to convey
feedstock to the APR was completed. This eliminated manual addition of feedstock from barrels to the APR
feed hopper.

3.0 Pilot Plant Operations

Operation of the pilot plant began on March 14 and continued until April 29. The new automated feed system,
the APR, fermentation, distillation, and centrifugation equipment were used. Operating conditions were decided
before the run and are presented in subsequent sections. Additionally, a run history and significant operational
notes are presented.

3.1 Procedures and Operating Conditions
3.1.1 Feed Handling/Pretreatment Operating Conditions

This run used a blended feedstock of corn fiber and cracked corn in a 8.5 to 1.0 wet weight ratio (3.9 to 1.0 dry
weight ratio assuming solids concentrations of 40% and 87% for comn fiber and cracked corn, respectively). Corn
fiber and cracked corn were obtained from a Casco corn wet-milling facility (Cardinal plant, Ontario, Canada)
and blended, frozen and shipped to the PDU in 55-gal drums in a refrigerated trailer.

Figure 1 shows APR operating conditions. Acid concentration was calculated from flow rates and the acid
concentration in the acid feed tank. pH of APR samples were measured with a pH probe after cooling the sample
to room temperature. The operators attempted to maintain constant operating conditions, however, there were
some variations in the pH from the target 0.9. Some of the variations in pH were due to the measurement
procedure. A written standardized was developed midway through the run. Temperature also drifted up; this
will be discussed in section 4.2.1.

A new automated feed system was used this run to reduced operator labor. Feedstock was dumped into the PDU
feed hopper, which could hold four barrels of material. When the APR feed hopper was low, a low level switch
actuated the system. The PDU feed hopper delivered material to the belt conveyor that then dumped into the
flexible screw conveyor. The flexible conveyor filled the APR feed hopper until actuation of a high level switch
shut down the system.

3.1.2 Fermentation Operating Conditions

Operating conditions for the seed train are shown in Table [. LNHST2 was grown by successive transfers from
a small shake flask to a larger shake flask, and then to the 20-L, 160-L, and 1450-L fermenters, respectively.
There was no pH control in the shake flask. pH was controlled at 5 with 3.0 M NaOH in the 20-L and 160-L
fermenters and with 50% NaOH in the 1450-L fermenter. A 20% (w/w) inoculum was transferred from the 1450-
L fermenter directly into the first 9000-L fermenter. No seed hold tanks were used and no additional inoculum
was added to the fermentation during this run.



Fermentation conditions in the 9000-L fermenters are also presented in Table 1. Corn steep liquor (CSL) and
enzyme additions were made to only the first 9000-L fermenter. pH was controlled using 50% NaOH. Level
was controlled in the 9000-L fermenters (at 3500 L) to maintain a residence time of 36 hours in each vessel.
Solids concentrations (as total solids from corn fiber only) were generally 25%—28% after dilution of the
pretreated corn fiber by enzyme, CSL, and sterile water (additional water was required to achieve the target solids
concentration).| Glucoamylase was batched into the first 9000-L fermenter daily at an approximate loading of
2 TU/g starch in the raw feedstock.

3.2 Run History
i ‘

A time line for tl“uS run is shown in Figure 2. Operation of the APR began on March 15 and continued until April

29. Significant downtime (one day or longer) is shown in the figure. Problems that caused downtime will be
discussed in the operational notes (section 3.3).

Table 1. Fermentation Operating Conditions For Seed Train and 9000-L Fermenters

Operating Condition Flask #1  Flask #2 20-L 160-L 1450-L 9000-L
|
Temperature (°C) 30 - 30 30 30 30 30
Agitation (rprq) o 150° 150° 150 - 100 75 100-125
pH 50 5.0 5.0 5.0 5.0 5.0
Gauge Pressure (bar) . - 0.33 0.33 0.33 0.33
Airflow (vvm)g - - 0.5 0.5 0.25 0.03°
Residence Time (h) 6° 6° 6° 12¢ 12° 36¢
Media:
Glucose (%) 2 2 2 2 2 ¢
Peptone (%) 2 - - - - -
Yeast Extract (%) 1 - - - - -
CSL (%) i - | 1 1 1 1
Antifoam (corn oil, mL/L) - - 0.5 0.5 0.5 -
Enzyme (IU/g cellulose) - - - - - 5
Glucoamylase (TU/g starch) - - - - - 2

* laboratory shakier agitation
* air added to maintain a positive pressure in vessels only when needed

® typical incubation times
¢ per 9000-L vessel
* substrate was pretreated corn fiber blend

The 20-L fermenter was inoculated on March 16 and used to sequentially inoculate the 160-L and 1450-L
fermenters. The first 9000-L fermenter was inoculated at 12:30 on March 17. Transfer to other 9000-L
fermenters began after level in the first fermenter was above 7000 L, after which the level in the first fermenter

was dropped to 3?00 L. Operation of the seed train is not shown in Figure 2, since this equipment operated only
twice during the run.

The 9000-L fermenter operated in a continuous mode except during loss of pretreated feed. The most significant
occurrences were on March 23 (run time 120—200 hours) and March 26 (run time 950—1025 hours). When
i



APR operation was restored, the fermenters were returned to continuous operation. Although, low level
contaminationwas detected throughout the run, it only became a significant problem on two occasions. The first
occasion occurred near April 4 (identified by rapidly raising acetic and lactic acid concentrations and bacterial
cell counts), and was controlled by addition of penicillium to all fermenters followed by addition of penicillium
to only the first 9000-L fermenter, Lactrol (virginiamycin) was used after the penicillium supply wes exhausted.
On April 15 an inadvertent large dose of Lactrol was added to the fermentation, however, after this, bacterial cell
counts decreased and contaminationwas not a further problem. A large increase in bacterial cell counts occurred
at the end of the runand was a major contributing factor to ending the run.

Both penicillium and Lactrol attack gram-positive bacteria, such as the lactobacillus contaminant common in
these fermentations. But there was not enough datato judge the relative effectiveness of the different antibiotics
Since Lactrol appeared to be effective at reducing and eliminating the contaminant and is easier to obtain, it will
be used if necessary during Task 5.

Addition of arecycle stream containing ethanol to the first 9000-L fernenter began on April 20. 1t was intended
to raise ethanol concentration in the first vessel to 4.5% as a means of controlling contaraination. Distilled
ethanol (50% w/w) was diluted to approximately 18% in the seed hold tanks. The recycle stream was then fed
continuously to the first fermenter through the former enzyme addition system. Sterile water addition was
reduced to maintain the target solids concentration.

3.3 Operational Notes

The following is a discussion of significant operational notes and problems that occurred during this run.

3.3.1 Feed Hadlg

This was the first run to use the flex conveyor and automated feed system to feed the APR weigh feeder. The
system functioned well, although there were some minor problems with feed plugging and resolving Data
Acquisition and Control System (DACS) programming problems. The most significant problem was foreign
objectsgetting into the APR feed hopper. The most common objects were large wood splinters from the pallets.
Several times wood pieces were removed from the entrance to the APR after travelling through the feed system.
A vibratory screen will be added to remove foreign objects before they can enter the APR feed hopper.

It was difficult during this run to track feedstock history. Drums were only labelled with a date or even several
dates, that did not provide a clear identification of different feedstock lots. In the future. drums will be labelled
v a lot number and that information will be recorded by APR operators each time they dump a load of drums
into the feed hopper. Samples from each lot will be sent by Federal Express to both Amoco and NREL so that
the composition can be determined prior to using any given lot.



3.3.3 Fermentation
There were no problems with the limited operation of the seed train during this run.

Because of the low enzyme flow rate required for this run, a carboy and small peristaltic pump were used to
transfer enzyme\ to the first 9000-L fermenter. Nacin (antibiotic) was added to the enzyme to eliminate any
bacteria. The forrner enzyme tank was used as an additional tark for feeding CSL.

Contaminants were detected in the CSL transfer system and this may be the cause of contamination during this
run. The problem may be poor cleaning and sterilization practices on the CSL transfer system. More attention
will be paid to maintaining this system during Task 5.
\

There continued to be a problem with reliable operation of the mass spectrometer (MS) during this rum,
particularly measurement of ethanol. A vendor representative worked on the system and identified that the
ethanol calibration oven was not supplying the correct concentration required for ethanol calibration. The
problem was resolved by modifying the oven's heating system to increase the setpoint temperature and thus the
ethanol concentration into the range required by the MS. Reliable measurements of exhaust gas composition
were taken near the end of the run and used in mass balance calculations.

Coating of the agitator shaft in the first 9000-L fermenter with sodium carbonate during the run continued to be
a problem that jeopardizes the agitator's mechanical seal. The problem was previously identified as a reaction
of sodium hydroxide used for pH control with carbon dioxide produced by the fermentation. Once during this
run, the level in the fermenter was raised to dissolve the buildup. However, this caused chunks of the material
to come off and led to plugging problems in the fermenter pumps.

3.3.4 Distillation/Kill System

from the column walls falling into the pump inlet. Better cleaning during long term shutdowns will solve this
problem.

During this run, tde fourth 9000-L fermenter was operated as a kill tark. After distillation,the hot (80°—90°C)
bottoms product was fed to the fourth fermenter and held at 80°C for one hour before being discharged to the



sewer. During the latter part of the run, the bottoms product was not cooled after distillation and instead fed into
the fermenter while still hot. Both the temperature increase during distillation and subsequent hold of the
material for one hour at 80°C in the fermenter were part of the approved kill process.

On April 22, a valve on the bottom of the fourth fermenter was accidentally left open during transfer of bottoms
product to this tank. About 1500kg of material was discharged to the floor and collected in the neutralization
tank. Since this bypassed the normal kill procedure conducted in the fourth fernenter, this material was killed
by addition of bleach to the neutralization &K before discharge to the sewer. The procedure has been revised
to more clearly direct the operator to close the valve before filling the fourth fermenter.

3.3.4 Centrifugation

The centrifuge was operated to separate solids from the distillation bottoms for testing as animal feed. The pilot
plant used a Sharples P-3000 continuous decanter, however, this may not be an appropriate unit for a commercial
plant. Numerous problems were encountered with plugging of lines, flooding of the centrifuge, and high torque
alarms on the centrifuge. These problems required a significant amount of operator time and intervention to
resolve and correct. Typical toll solids concentrations in the cake were 284 This wes lower than hoped,
and after consultation with the equipment manufacturer, a larger backdrive motor Was ordered to increase solids
concentration and recoveries and eliminate the high torque alarms.

4.0 Key Results
The following sections presents key results obtained during operation of the pilot plant.
41 Feedstock

The composition of corn fiber blends used in this run (P960314CF) as well as in earlier runs are shown in Table
2. Some of the analysis performed by the outside laboratory are questionable. Note the high glucose content of
the firstthree samples (Mar. 15, 16,and 17) and three samples near the end of the run (Mar. 16, April 22. and Lot
3). These results are inconsistent with sample analysis from the middle of the run and repeats done by Anioco
Analytical and the NREL CAT (Chemical Analysis and Testing) Team. In particular, the analysis of lot 3 fran
NREL and Amoco agree, but are significantly different from the outside laboratory. The questionable results
will not be used for mass balance and yield calculations. Feedstock composition was likely very close to the
middle values throughout the run. Follow up testing during Task 5 will be used to firmly establish feedstock
composition.

4.2 Pretreatment
4.2.1 Sugar Concentrations and Yields

Figure 3 shows monomeric and total soluble glucose concentrations in APR samples as a function of run time.
Total soluble glucose is somewhat stable throughout the run (averaged 332 mg/g TS with a one standard
deviation of 29). Monomeric glucose was typically 50%—70% of the total soluble glucose, except during
periods of extremely poor performance when the ratio was .in the 20%—40% range.



Table 2. Corn Fiber Composition

Lot # Ussd In Source  Moislure Glucose  Xylese  Gal. Ara.  Mannose Lignin  ASL{1] Ash Exl. {2) Starch (3)  Protein (4) Analysis
{32 (%) [%] (%o} %] (%) {%%) {%o} {%%) % {%] {36} Source
PS50310CF Casco &0 334 23.7 39 155 01 6.5 3.4 1 15.7 CAT
1 P950425CF GTC 57.6 41.6 21.2 77 128 ¢ 78 78 0.9 249 10.4 eFoU. _
TTT2 77777 PSS0425CFT T GTC 541 399 21.5 76 122 a a5 a.1 0.9 256 11.6 PDU
1 Pe51101CF Casco &1 44.7 13.3 3 125 0.3 4.5 2.4 1 12.4 18.4 9.1 CAT/Out(7)
2 P951101CF Casco &8 355 19.8 4 16.1 0 6.2 5 09 9.8 12 10 CAT/Out
3 P951101CF Casco 57 37.4 19.6 4 15.8 0 6.1 5 0.7 a1 14.5 9.2 CAT/Oul
Cracked Comn Casco 13.3 93.1 2.2 0.5 2 0 2 2.2 0.1 8.7 75.7 4.65 CAT/Cut
Blend 1:4.5 Casco 445 623 13.7 24 107 0 2.7 4.2 0.9 11.3 41.3 CAT/Out
Blend 1:8.5 Casco 54 48.3 15.1 a2 111 g 5.5 4.7 0.7 9.1 41.7 CAT/Out
Calc. 1:85Blend  Casco 551 47.8 16.1 3.3 132 0 53 4.4 0.8 28.3 CAT/OuW
15-Mar PS60314CF Casco 52.6 62.2 11.8 23 9.5 0 3.3 38 0.9 10.3 19.9 9.2 (5) CAT/Oul
16-Mar PS60314CF Casco 53.7 62 12.7 25 101 0 3.3 4 0.9 10.1 13.9 8.4 CAT/Cut
17-Mar P960314CF Casco 54.3 62.1 128 286 9.9 a aa 4.2 0.8 108 18.9 9.1 CAT/Cut
28-Mar P980314CF Casco 53.6 42 19.3 ag 128 g a5 4.7 0.8 89 20 7.3 CAT/Out
30-Mar P980314CF Casco 53.3 459 14.8 3.2 118 0 a5 4.2 0.9 1041 18.7 7.8 CAT/Out
3-Apr POEG314CF Casco 52.7 43.1 15.3 33 12 0 3.4 4.2 0.8 11.4 19.4 7.5 CAT/Out
26-Mar P980314CF Casco 53.8 47 18.9 36 118 0 2.9 36 0.7 128 27.8 5.7 CAT/Cut
6-Apr P960314CF Casco 547 422 182 35 125 0 3.7 4 0.7 108 19.8 7.2 CAT/Cut
10-Apr P980314CF Casce 55.2 42.8 184 36 118 0 as as 0.8 123 20.8 7.1 CAT/Out
13-Apr P960314CF Caste 54.7 44.4 t7.6 a3 104 0 a5 3.6 0.7 1.1 27.3 83 CAT/Out
16-Apr P9603t4CF Casco 54.9 45.8 17.6 3.2 1049 0 3.7 38 0.6 119 2B.9 6.8 CAT/Out
PS60314CF Casco 45.3 17.2 29 11 0 ) 3.7 0.7 1.1 24.9 6.7 CAT/Cut
16-Mar P980314CF Casco 52.3 66.8 11.5 2.3 8.5 0 2.2 31 0.7 9.6 7.6 CAT/Out
22-Apr P9680314CF Casco 51.9 67.2 a 241 7.7 0 2.7 at 0.8 8.9 6.7 CAT/Out
3 P960314CF Casco 54,2 66 109 2.2 8.3 4] 3.2 3.3 0.7 8.6 7.3 CAT/Out
3 P960314CF Casco 50.3{6) 20.2 126 ar.2 Amoco
3 PS60314CF Casco 457 21 42 135 CAT
22-Apr P960314CF Casco 43.7 229 49 147 CAT
22-Apr(8) P960314CF Casco 475 19.5 4 12.3 CAT
{1} Acid Soluble Lignin

{2) 95% ethanol extraction, extractives include solubilizied protein included in the protein number

(3} Starch is also included in the glucose number

(4} Protein calculated from nitrogen content
(5} Beginning with this value, protein is reported on extracted faedstock

{6) Includes some unresolved galactose

{7) CAT/Out - Carbohydrates, ash, and lignin determined by outside laboratory

{8) Same lot but different sample from same day




Figure 4 shows monomeric and total soluble xylose and acetic acid concentrations of APR samples during the
run. Like monomeric glucose, there is a downward trend in these concentrations during the run.

Monomeric xylose was typically 60%—75% of the total soluble xylose, except during

periods of poor performance.

Yields of total soluble glucose and xylose, and percent cellulose hydrolyzed during the run are shown in Figure
5. Average feedstock compositions of 46.6% glucose, 18.4% xylose, and 24.9% starch were used. The
calculation of cellulose hydrolyzed assumes complete hydrolysis of the starch. Average glucose, starch, and
xylose contentof dl corn blends analyzed during this runwere used, excluding the obviously questionable values
generated by the outside laboratory. Glucose yields ranged from @&— Cellulose hydrolyzed was
typically between 86— Xylose yields were more variable, ranging from B4 This data (xylose
yields) also shows a gradual decline in pretreatment performance beginning after 200 hours.

4.2.2 APR Correlations

Table 3 presents correlation coefficients for various APR parameters. Correlation coefficients (r) are used to
show a linear relationship between variables. The closer the number isto 1.0 or -1.0 the greater the correlation.
However, a correlation coefficient of 0.5 indicates that a variable accounts for only 25% of the variation in the
other variable (determined by squaring r). Thus, only values of r greater than 0.8 show any significant degree
of correlation. The table shows that only acid concentration and acid flow rate are highly correlated, with a
weaker correlation between acid concentration and pH. These positive correlations would be expected and show
that changes in acid flow rate are responsible for acid concentration and pH changes. None of the other APR
variables (not all shown in Table 3) show any significant correlation within the measured range of the variables.

Table 3. Correlation Coefficients for APR Parameters

Variable Correlated With Correlation Coefficient
Acid Concentration Acid Flow Rate 0.92
Acid Concentration pH _ _ -0.62
Monomeric Glucose Concentration 021
Monomeric Xylose Concentration 0.33
Total Soluble Glucose Concentration -0.0s
Total Soluble Xylose Concentration 0.48
Acetic Acid Concentration 021
pH Monomeric Glucose Concentration -0.25
Monomeric Xylose Concentration -0.39
Total Soluble Glucose Concentration 0.13
Total Soluble Xylose Concentration -0.48
Acetic Acid Concentration -0.29
Temperature Monomeric Glucose Concentration -0.26
Monomeric Xylose Concentration -0.31
Total Soluble Glucose Concentration 0.0
Total Soluble Xylose Concentration -0.11

Acetic Acid Concentration -0.17




Since correlation coefficients only show linear relationship, it is useful to check for non-linear relationships by
plotting the data. Figure 6 shows acid concentration plotied against a few other variables. The linear trend is
obvious for acid flow rate and pH, but there is no relationships with total soluble xylose or monomeric glucose.
Figure 7 shows temperature plotted against some of the other variables and again there are no relationships. This
is expected, since as previously mentioned, there is a problem obtaining accurate temperature measurements.
If true measurements of process temperature were available, there would probably be some correlations to the

product concentrations.

4.2.3 Carbon Balances and Conversions

Material and carbon balances were calculated for three APR samples along with standard deviations for use in
uncertainty analﬁis. Standard deviations (SD) of measurements (random error component only) were calculated
from analytical measurements of component concentrations and flow rate measurements. These SD's were
measurements o‘f the overall variability of the process (i.c., independent measurements of different samples but
at the same conqolled conditions) and are not a measurement of repeatability (e.g., a repeat measurement on the
same sample). For example, the SD of the feedstock was calculated from three samples taken from the same lot,
but over a period of two days. SD of pretreated material composition was calculated from three different samples
taken over a 5 min period. SD for flow rate measurements were calculated from DACS data taken over a period
of several hours to determine a good estimate of longer term variability. SD for fermentation broth composition

was calculated from an analysis of the three independently taken samples from the same vessel.

\ :
Errors were combined using the propagation of error formula, which is based on a Taylor Series approximation
(methodology defined in standard ANSI/ASME PTC 19.1-1985). Given a function F = f(x,) i=1,2,...n, then the
SD () of F is given by:

i

2 2
e, - E(E)F,/ax‘)2 o, ,

where «; is the SD of x,. The 95% confidence interval (Ugss) is given by:

/ 2 2
sts' B+ (tax) :

where B is the estimate of bias error, e, is the random error and t is the t value (from Student t distribution)
associated with the degrees of freedom used to calculate e,. The t value will be assumed to be 2. The random
error e, consists of two parts, the process error (associated with the ability to control at a setpoint or repeat the
same conditions for a sample as discussed above) and the measurement error. Repeat measurement in the past
have shown that measurement error is significantly smaller than process error and so will be ignored. Likewise,
bias error will be assumed to be small compared to process error and will be ignored, which reduces the 95%
confidence estimate to:

|
RSs © 2e

Table 4 shows percent carbon closure, percent conversion of solid fractions to component sugars, and percent
monomeric to total soluble sugar ratio for three APR samples. Samples APR-214 and APR-329 used a feedstock
composition that|was an average of all blends analyzed during this run, except for the questionable analysis
performed by an outside laboratory. This information was also used to calculated standard deviations for blended

feedstocks. Samﬂ)le APR-295 used a feedstock composition of a feedstock sample taken at the same time as the




pretreated sample.

Table 4. Pretreatment Carbon Balance Closure with One Standard Deviation (in parentheses), Conversion of

Component APR- 214 APR-295 APR-329
3/16/96 13:00 4/16/96 13:00 4/29/96 13:00
(-23.5 hours) (721 hours) (1032.5 hours)

Carbon Closure (%)

Glucose 95.4(13.6) 96.0 (13.3) 97.0(13.7)
Galactose 81.8 (15.1) 46.2(10.0) 88.2 (16.3)
Xylose 85.8 (18.6) 80.5(19.0) 84.9(19.1)
Arabinose 83.9 (13.6) 84.5(14.8) 90.0 (14.6)
Lignin 111.6(21.0) 113.6 (24.6) 127.1 (25.6)
Overall 94.7 (8.5) 93.0 (8.5 98.8 (8.8)

Conversion to Total
Soluble Sugars (%)

Glucose 65.3 71.3 67.4
Galactose 79.4 43.7 87.7
Xylose 815 76.6 83.5
Arabinose 81.1 80.5 88.7

Monomeric to Total

Soluble Sugar Ratio (%)
Glucose 62.8 61.8 72.8
Xylose 65.5 66.9 81.6

Carbon balance closure for all samples are good [except for galactose in APR-295) and well with 100%at a
95% confidence interval (two times the standard deviation). Conversions (or total soluble sugar yield) is as
expected as previously discussed. APR-329 was taken near the end of the run and

appears to have been pretreated at a greater severity (i.e., greater Xylose conversion and
monomeric to total soluble sugar ratios), which wes evident from the higher monomeric sugars levels recorded
near the end of the run.

All pretreatment data and detailed material balance printouts are shown in Appendix A.

4.3 Fermentation

4.3.1 SSCF

The SSCF train began operation on March 17 with inoculation 0f the first 9000-L fermenter at 10:00 (runtime

0 hours). The third fermenter was filled by mid-day on March 19. The residence time for each fermenter was
35—37 hours and the solids concentration was 25%—28%. The train operated in a continuous mode except



when feed was lost from the APR, at which time operation reverted to batch. As previously identified for the
APR, the longest period of continuous operation occurred from March 27 through April 12 (runtime 225—610
hours).

4.3.1.1 Sugar and Product Concentrations

Figure 8 shows monomeric sugar concentrations and LNHST? cell counts in all three 9000-L fermenters over
the course of the run. Cell counts start high because of the large amount of cells in the inoculum and the
abundance of glucose available when the fermenter is first inoculated. The cell counts typically drop off when
during continuoius operation. It is not clear why cell counts appear to increase later in the un. LNHST? cell
counts did not appear to suffer during the period of contamination (runtime 400~-700 hours). Although cell
counts tend to be variable, it is clear that yeast populations remained in the fermenters and were not washed out.
This proves that at a 36 hour residence time and with pretreated material at the severity being produced during

. | . . . .
this run, yeast growth was adequate to maintain a viable population and consume all the glucose.

Total soluble glucose levels typically remained between 15—20 &/L in the third fermenter (data not shown). The
high total soluble} glucose level was first noted during Task 3. Several possible explanations are that these sugars
are "limit dextrins", which are known in the corn industry as starch oligomers that cannot be converted to glucose
by enzymes. They may also be oligomers derived from cellulose being left behind because of insufficient

cellulase activity (e.g., low loading, adsorption loss, inhibition).

Glucose is all cqnverted in the first fermenter, while it is difficult from these plots to see any consumption of
xylose (xylose results will be presented later). The plots clearly show the consumption of arabinose (particularly
in the second and‘third fermenters) corresponding to heavy bacterial contamination beginning at 400 hours, mid-
way during the long continuous operational period discussed above. The bacteria, previously identified as a
lactobacillus, will preferentially consume arabinose and produce lactic and acetic acid.

\
Figure 9 shows pproduct concentrations in all three of the 9000-L fermenters. This plot shows the obvious
increase in lactic and acetic acid concentrations during the period of heavy contamination, xylitol concentrations
increased as well approximately 3-—4 g/L. However, the component measured as xylitol is likely arabitol
produced by the c}onsumption of arabinose (both components have nearly the same retention time on the HPLQ).
Ethanol production appears to be unaffected by the contamination. The slow drop is ethanol concentration is
probably due to the decreasing sugar concentrations in the pretreated feed during this period (see Figure 3).
The peak concentrations of lactic and acetic acid at about 700 hours (March 15) cannot all be accounted for by
arabinose (only about 2/3). There is a drop in xylose concentration at about 700 hours that was likely used for
acid production. | Previous typing of the contaminant has shown it prefers C5 sugars, in particular arabinose.
There was no fee‘dstock change during this period and so xylose content of the feed was not responsible for the
drop in xylose concentration. This is confirmed by Table 2 which shows a constant xylose content in the feed
bracketing this period.
The concentrations of xylose and ethanol in all three fermenters are compared in Figure 10. The plot clearly
show very little xylose conversion at any time during the run. This is confirmed by nearly the same ethanol
concentration in all three fermenters over the course of the run. The only exception seems to be at the beginning
of the run whereithere is an 8 g/L difference between the first and the third fermenters. When the fermenters
were put in batch (?pemdon (100—200 hours), there was also consumnption of xylose in the first fermenter during
this period. The lack of xylose conversion is likely due to some type of inhibition. Known inhibitors present are
acetic acid, furfural, HMF, and ethanol. However, none of these have been inhibitory by themselves at the

concentrations p‘resent in the fermentation according to SWAN information provided by Bob Lumpkin,

Unknown inhibitbrs may be created during pretreatment as well as Maillard reaction products from the high

levels of glucose land proteins present in this feedstock. The combined effect of all the inhibitors may also be

a problem for xylbse fermentation.




4.3.1.2 Carbon Balances and Yields

Table 5 shows fractional conversion of the raw feedstock after the combined process of pretreatment and SSCF
and SSCF yields for two samples during the run. The average feedstock composition as discussed above was
used. The Apnl 3 sample (run time 405 hours) was taken just before high levels of lactic and acetic acid began
to appear. The other sample was taken near the end of the run on April 26 (runtime 957 hours) and carbon
balances were calculated using both ethanol stoichiometry and measurements of exhaust gas composition.

Table 5. Conversion of Raw Feedstock and SSCF Yields With One Standard Deviation (in parentheses)

4/3/96 10:00' 4/26/96 10:00" 4/26/96 10:00°
(405.5 hours) (957.5 hours) (957.5 hours)

Conversions (%, consumed/total in):

Glucose : 68.1 (1.5) 71.5 (1.5) 71.5(1.5)
Galactose 17.4(1.3) 32.9 (1.5) 32.9(1.5)
Xylose 12.0 (6.9) 28.2 (8.0) 28.2 (8.0)
Arabinose 26.7(3.7) 35.8 (4.7) 35.8 (4.7)
Lignin -35.6 (15.3) 8.9 (12.7) 8.9 (12.7)

Yields (g/100 g C6+C5 consumed):

Ethanol 35.5(6.2) 33.5(6.9) 349 (5.4)
Carbon Dioxide 339(5.9) 32.0(54) 24.5(4.1)
Cell Mass’ 4.9(1.3) 42 (1.DH 4.2 (1.1)
Glycerol 5.0(0.9 250114 2.5(1.4)
Xylitol 0.0 (0.0) 1.5 (0.3) 1.5 (0.3)
*Acetic Acid 2.7 (0.6) 1.4 (0.3) 1.4 (0.3)
Lactic Acid 2.6 (0.5) 22(0.4) 2.2(0.4)
Succmic 0.8(0.2) 0.0 (0.0) 0.0 (0.0)
Total 853 (8.7 77.2 (9.0) 71.2 (7.0)
Ethanol Process Yield (%, C6 + xylose) 36.8 41.1 42.9
Ethanol Metabolic Yield (%, C6 + xylose) - 763 73.0 76.2
Overall Carbon Recovery (%) 98.8 (6.7) 88.5(6.3) 87.0(6.2)

! Carbon dioxide based on stoichiometry
% Carbon dioxide based on exhaust gas flow rate and composition
* Cell mass concentration assumed to be 5.0 g/L in final fermenter

Conversion of glucose in both samples shows probably complete conversion of the starch along with conversion
of approximately 33% of the cellulose. A minor amount of galactose was consumed, but galactose is a very
minor component of the feedstock (3.6%). Minor amounts of xylose and arabinose were consumed, particularly
for the second sample. Arabinose consumption can be attributed to a contaminant. For the second sample, the
ethanol production was more than can be attributed to just glucose, therefore, some xylose was converted to
ethanol. This is not true for the first sample and given the large errors, it cannot be said with confidence that
there was any conversion of Xylose to ethanol. Because of the large variability in measuring xylose in the feed,



there is a large error in the conversion calculation for xylose. The lignin closure is poor for the first sample, but
lignin closure for the second sample is adequate and well within a 95% confidence interval that brackets 0%,

The product yie‘lds are also shown in Table 5 and are based on product produced from all five- and six-carbon
sugars. Cell copcentration in the fermenters was assumed to be 5 g/L. This is higher than the value calculated
from cell mass measurements, which is suspected to be low (approximately 1—2 g/L). But, seems reasonable

when compareq to cell mass production on pure sugars at the bench scale, which is too high (approximately
10—15 g/L). As‘, usual it is difficult to account for all of the fermentation products. The best value is for the first
sample and would bracket 100 at a 95% confident interval. The second sample is disappointing.

Carbon dioxide measurements of exhaust gas yielded significantly less carbon dioxide than would be predicted
from stoichjome‘.try. This may be a problem with the gas flow measurement or composition measurement from
the mass spectrometer. The flow measurement was extremely difficult because the fermenter back pressure
control valves did not maintain a steady flow. Instead, the flow pulsed at a frequency ranging from 10—20 min
and data was cohlected by the DACS on a 20 min interval. For Task 5, data will be collected more frequently
during the peﬁbd when a carbon balance will be performed on fermentation. Mass spectrometer ethanol
measurements showed that approximately 2% of the total ethanol production escapes in the exhaust gas, which

seems reasonable compared to bench scale experiments that show no ethanol in the exhaust gas after a cooling
water condenser,

As with Task 3,|ethanol process yields (theoretical ethanol from total available six-carbon sugars and xylose)
were low. This is from little or no conversion of the xylose, the 15—20 g/L of oligomeric glucose
(approximately 20% of the total soluble glucose) that is not converted during the fermentation, and cellulose not
converted. Somecellulose not converted was expected, however, the lack of soluble sugar conversion represents
a significant loss| of potential ethanol.

The overall carbon recoveries were less than 100% as expected, but 95% confidence intervals would bracket
100% except for} the sample using mass spectrometer data. All fermentation data and detailed carbon balance
printouts are sho‘wu in the Appendix B.

4.3.1.3 Viscosit)lf Measurements on Fermentation Broth

|

During this run, \i/iscosity measurements were made on fermentation broth samples taken from each of the three
9000-L fennenterTv, on April 29, the last day of the run. The measurements were made with a Stormer viscometer
after generating a calibration curve using standards at 60-, 200-, and 400-cP. The results were 259-,179-, and
149-¢P for samples from the first, second, and third fermenters, respectively. This confirms visual observations

of broth thinning‘down the fermentation train,

4.3.1.4 Contamination

A lactobacillus contaminant was detected in the first and second 9000-L fermenters at 168 hours, however, no
significant production of by-products were seen until 400 hours. The source of the contamination has not been
positively identified, but samples taken from both corn steep liquor (CSL) tanks three days after contaminauon
was first detected in the fermenters contained lactobacillus and yeast. Changes were made to the tank turnaround
procedure to include a thorough wash step and more frequent flush and sterilization of the transfer lines. After
these changes were made, no contaminants were detected in these tanks. The transfer line from the CSL tanks

to the first fermenter will be modified for Task 5 to improve sterilization of the line.

As mentioned above, lactic and acetic acid began to increase in the fermenters around 400 hours, Prior to that,
at 130 hours into| the fermentation, the APR went down for three days. Without glucose, the yeast stopped
producing ethanol and carbon dioxide. As the general health of the yeast decreased because of no available
glucose and slow utilization of the xylose, the environment improved for the bacteria. The contamination was




eventually brought under control with a large dose (200 mg/L) of the antibiotic Lactrol (virginiamycin) and
operated relatively contamination free (i.e., low bacterial cell counts) until near the end of the run.

An ethanol recycle stream was added to the first fermenter on April 20 (runtime 825 hours) to maintain an
ethanol concentration of 4.5% i an attempt to control contamination. Even at the higher ethanol level, severe
contamination reappeared at the end of the run (runtime 975 hours). The increase in bacteria coincided with a
decrease in APR performance that was associated with blowbacks (at 970 hours) and the APR being taken down
to replace the screws. Pretreated samples at this point contained large chunks of inadequately pretreated material.
Contamination checks of this material did not show any bacteria, but a filamentous fungus was isolated.
Generally, filamentous fungi are more sensitive to heat, so it was surprising to see a fungus rather than bacteria
in the sample. This does not positively identify inadequately pretreated feedstock as the source of contaminants
in the fermenters, but the possibility exists given the drop in the APR performance. However, contaminant
concentrations were increasing before the APR blowback that resulted in the unit being taken down.

4.3 Supporting Bench Scale Work
The following sections report on bench scale work carried out before and during Task 4.
4.3.1 Continuous Inoculum Study

Before Task 4, a shake flask study was conducted to determine if yeast growth rate was sufficient to eliminate
contmuous inoculation. The results showed that at a 36 h residence time with a pretreated corn fiber blend, yeast
growth was sufficient to achieve a steady state and consume all the available glucose. Based on these results,
cell counts and sugar concentrations were closely monitored during Task 4 startup and the results verified that
the fermentation did not need continuous inoculation. A study of cell count versus viable cell counts verified
that viable cell counts underestimate actual cell counts and cell mass. The results of this bench scale study are
reported in Appendix C.

4.3.2 Strain Evaluation During the PDU Run

One concern with continuous fermentation is the loss of desired properties possible resulting from the extended
number of times the organism reproduces. This is important when mutagenized or recombinant organisms are
used because of the potential to revert back to the original state of the organism. The advantage with LNHST?2
is that the genetic information has been integrated into the chromosome, making the organism more stable and
less subject to reversion.

During Task 4, the yeast was consuming little or no xylose, therefore, the strain was checked for the possible loss
of the xylose fermenting genes. Other yeast cells were also present in the fermenter that were morphologically
very different from the original LNHST2. This unknown yeast could be a contaminant or could be a revertant
of LNHST2. The unknown yeast and LNHST2 were isolated from the first 9000-L fermenter after 1000 hours
of operation. The two strains were grown in yeast extract, peptone and glucose (YPD) medium. Their growth
rates were compared to a fresh culture of LNHST2 taken from our culture stock. The growth curves and
maximum growth rates (u) are shown in Figure 11. The two LNHST2 cultures exhibited the same growth rates,
but the unknown yeast grew much quicker. The higher growth rate might be expected from a wild yeast
contaminant (not metabolically burdened with the xylose-fermenting genes) and could pose a threat to the
fermentation because of its higher growth rate.

Each of the three different yeasts were transferred to YPDX medium (yeast extract, peptone, 60 g/L glucose and
30 g/L xylose) and a media with 1.0% CSL and 60 g/L and 30 g/L glucose and xylose, respectively, for further
evaluation. Figure 12 shows the concentrations of xylose and fermentation products when ethanol had reached
its highest concentration (glucose was fully utilized by all strains within 24 hours). Both LNHST2 cultures
exhibited the same fermentation performance. This shows that the LNHST? strains were stable after 1000 hours



|
of operation and?that loss of the xylose fermenting genes were not responsible for poor xylose utilization during
Task 4. The unknown yeast did not ferment xylose, but did produce ethanol at 90% of theoretical. Because the
morphology is 50 different from LNHST?2, the yeast is likely a contaminant. The strains have been sent to Nancy
Ho (the developer of LNHST?2) at Purdue University for further evaluation. Preliminary results showed that
LNHST2 isolat#d from the fermenters after 1000 hours of operation were still able to ferment xylose as
effectively as the original culture. Nancy Ho also believes the unknown yeast is a contaminate, but this has not
been proven.

|
|

4.3.3 LNHST2 Screening Study
|

|
A two-level, thrée factor, half-fractional factorial experiment was designed as a screening study to examine the
effect of nut:rienit sources (CSL - 1% w/v versus 2% w/v, and 2% w/v CSL versus YEP), initial total sugar
concentration (82.6 gL versus 115.5 g/ combined monomeric glucose and xylose), and acetic acid
concentration (3.3 g/L versus 6.2 g/L) on ethanol metabolic and process yields, cell growth, and sugar
consumption. A second two-level, four factor, half-fractional factorial experiment was designed and carried out
to examine the effect of CSL (1% wiv versus 2% w/v), initial total sugar levels (74.4 g/L versus 105.8 g/L
combined glucos‘e and xylose), pH (5 versus 6.5) and caustic (ammonium hydroxide, NH,OH versus sodium

hydroxide, NaOH) on organism performance. A detailed report of this work is given in Appendix D.
\

Both studies were‘ carried out in shake flasks using hydrolyzate separated from a mixture of pretreated corn fiber
and corn screenings. The pretreated material was taken on April 21 (runtime 840 hours) and appears to be well
pretreated (xylos‘e yield is approximately 85%). The amount of hydrolyzate used was equivalent to the amount
present in a 25%‘t0tal solids fermentation. The pH of each flask was monitored and adjusted to pH 5 with 3 M
NaOH in the first experiment and to pH 5 or 6.5 with either NaOH or NH,OH in the second experiment. The
flasks were inoculated using the standard two-stage inoculation procedure. Temperature was controlled at 30°C

and the agitation ‘was set at 150 rpm.

The first experime‘nt showed a significant negative effect of acetic acid on xylose conversion and ethanol process
yield. There was 1o improvement in fermentation performance by increasing CSL from 1% w/v to 2% w/v.
Adding YEP as the nutrient source also did not increase xylose conversion or ethanol process yield.

The second experiment examined higher pH and if using NH,0H to neutralize and control the pH would improve
the ethanol process yield and xylose conversion previously observed. Xylose conversion was improved with both
NaOH and NH,OH at a pH of 6.5. However, greater xylose conversion did not translate into a greater ethanol
yield when NH,OH was used due to the production of higher levels of the by-products (xylitol [may include
arabitol], glycerol, acetic acid, and cell mass). The process yield was better in all cases when NaOH was used
for pH control, and was slightly better at pH 6.5 than pH 5. Again, at the higher pH, more by-products were
produced than at the lower pH.

An interesting phenomena observed in this experiment was the utilization of arabinose at the higher pH. This

could have been qlue to the presence of a contaminant, however, contamination was not observed in any of the
flasks. The utiliza‘tion of arabinose by yeast could potentially minimize contamination problems observed in the

PDU by eliminating the primary sugar used by the bacterial contaminant.
‘ .

44 Centrifugatiojn
|

Approximately 25 tons of material at 22%—24% solids concentration (5.8 dry tons) was collected for animal

feed testing. Part of this material may not be acceptable, because it was collected during the early part of the run

in which the material was killed at 125°C instead of 80°C. The higher temperature produced a darker product
which may contain|additional degradation products that may not be suitable for animal feed. Approximately 80%
of the material is acceptable. Typical recovery factors in the cake were 50% of the total solids (dissolved and

insoluble) and 80% of the insoluble solids. A new backdrive will be installed during Task 5 in an effort to




improve solids concentration in the cake.
4.5 Kinetic Modelling

Steady state operation of the SSCF train was compared with performance predicted by the kinetic model. The
kanetic model was run twice with feed compositions and flow rates from Task 4, although it was necessary to use
hydrolyzate and SSCF broth compositions from different times during the run. Component concentrations in
hydrolyzate were from the April 16 (13:00) APR carbon balance data. Enzyme, CSL, and dilution water
flowrates were assumed to be at their respective set points. Component concentrations in the first and second
fermenters were from April 3 ( 2:00) data. Component concentrations in the third fermenter and glucose
concentration in the enzyme were from the April 3 (10:00) SSCF carbon balance data. In the first kinetic run,
parameters developed to match the Task 3 batch fermentation were used. In the second kinetic run, the ethanol
mhibition constants were changed from ones developed with Task 3 data (K ;=29.286 g/L and K ,=29.286 g/L)
to ones developed using data from the shake flask experiments done at Purdue (K ;=73.7 g/L and K; ;=21 g/L).

Figures 13, 14, 15, and 16 show predicted and measured ethanol, xylose, glucose, and cellulose concentrations
in the SSCF tram. Figure 13 shows the ethanol concentrations in each of the three fermenters. In all cases, the
model predicts higher ethanol concentrations than measured values. The difference was less when using the
Purdue ethanol inhibition constants (determined from shake flask experiments with different level of ethanol and
acetic acid). Figure 14 shows assumed xylose concentration in the mixed stream entering the first fermenter and
predicted and measured value in the each of the other three fermenters. The measured concentration in the first
fermenter is higher than the concentration entering it, because the compositions were measured at different times.
Xylose utilization in all three fermenters is overpredicted, so inhibition by components other than glucose and
ethanol should be further investigated. The overprediction of xylose utilization caused the predicted ethanol
concentrations to be higher than the measured values. Figure 15 shows glucose concentration in the three
fermenters. Glucose concentration in the feed was 62 g/L. The model essentially shows complete utilization of
the glucose. However, glucose measured by our normal HPLC method (Biorad columns for first and second
fermenter only) gives numbers that are biased high due to interference from oligomeric sugars. Corresponding
YSI numbers for the fermenter are also shown. The glucose concentration in the third fermenter was measured
by the PAD system, which does not suffer from the interference and therefore more closely matches the YSI
number. Glucose measured by YSI shows more complete utilization of the glucose and thus more closely
matches the predictions. Figure 16 shows cellulose hydrolysis in the SSCF train. Cellulose concentrations are
only measured in samples used for mass balances, so the measured concentrations were not available for the first
and second fermenter. The data shows more cellulose hydrolysis than predicted, but probably well within the
range of measurement aceuracy.

The kinetic model predicted ethanol concentration in the third fermenter within 20% of the measured value.
However, more work is needed to characterize xylose utilization and cellulose hydrolysis to improve the accuracy
of the predictions. Task 5 will focus on obtaining complete mass balance data at the same time to better
characterize the entire process.

5.0 Review of Run Specifications

The following is the list of criteria for success defined in the Task 4 run specification, and a short discussion of
how each of these criteria were met.

I. Operate the APR and SSCF train at steady state for a period of 14 days with no interruption longer than 6
hours and the total of all interruptions should be no longer than 12 hours out of the best 14 consecutive days.
The SSCF train must be contamination free during this period.



The APR and fermentationtrain operated from March 27 to April 12(16 days) with only 12 hours of
downtime with 6 hours as the longest period of downtime. The sugar concentrations in the pretreated
feedstock showed a small gradual decline over this period and this was mirrored by a gradual decline
in etha‘pol concentrations during SSCF. A contaminant was present during the last few days and
consumed arabinose, but this did not have a noticeable effect on ethanol concentrations or products
normallly produced by the yeast. This could be considered contamination free according to the run

specifications, although probably more than 10% of the living cells were contaminants.

3. Run three stages of SSCF at a total solids concentration of at least 25%.

Three stages of SSCF were run at 3solids concentration ranging from 25%—28%.

4. Maintain at least 8 weight % ethanol in the feed to distillation.

Because of concern about ethanol inhibition of xylose metabolism at such high ethanol concentrations
as shown by the Purdue experiments, this run specification was eliminated.

5. Prove that ye;ast growth is sufficient in the system so that additional inoculum is not required.

SSCF operated for six weeks without the need for additional inoculum. Cell growth was sufficient to
maintain a steady population on pretreated feed produced by the APR during this runand at a 36 hour
residence time.

6. Close overall mass and carbon balance around pretreatment and the PDU to within 15%. Close component
balances to within 25%. Use measurements of process offgas composition to close material balances.

Overall carbon balances were closed to within 15% and most component balances were closed to within
25% (one exception was galactose on an APR sample). Process offgas measurements were used for both
APR flash vapor and fermentation exhaust gas.

7. Compare the }Jerfonnance of the kinetics model with Task 4 data and see if the ethanol production rate is
Within 20%0f the predicted value.

Actual ethanol production was within 20% of the predicted value when ethanol inhibition constants
generated fram Purdue data were used. But, the predicted xylose consumption and ethanol production
were greater than actual values.

8. Collect fermentatlon solids and wash so that sulfate levels in the wash water are no higher than 0.1 wt. %.
Save solids for fut'ure testing as animal feed.

Approximately 5.8 dry tons of solids were collected for animal feed testing. There was no washing of
the solids and sulfate levels in the cake were approximately 0.7 wt. %.




6.0 Major Problems and Post Run Issues

The following 1s a list of significant problems and issues encountered during this run and steps that will be taken
to resolve these problems before the next run.

® Flex conveyor and automated feed system problems
DACS programming and operation problems were resolved during the run. Between Task 4 and 5, a
vibratory screen will be added between the flex conveyor and the APR feed hopper to remove foreign
objects in the feed.

® Identification of feedstock lots
The supplier is now identifying lot numbers and labelling each drum with the appropriate lot number.
APR operators will record lot numbers of each drums dumped into the feed hopper.

® Questionable feedstock composition measurements
An outside laboratory generated several questionable values for feedstock composition. These values
are being followed up with the laboratory as well as some additional parallel testing by NREL's CAT
Team and the outside laboratory. If the issue can not be resolved, future analysis for Task 5 will be
performed by NREL.

® Exhaust gas flow measurements for carbon balance calculations
Because of the pulsed exhaust gas flow produced by the fermenter back-pressure control values, it was
difficult to get an accurate measurement of exhaust gas flow. For Task 3, data will be collected at a
greater frequency (1 min instead of 20 min) to allow a more accurate calculation of the average flow
rate.

® Contamination of CSL system
More rigorous cleaning and sterilizing of the CSL transfer system will be implemented during Task 5
to avoid contaminating the fermentation. The transfer line will be modified to improve sterilization.

® Poor centrifuge performance
The centrifuge separation efficiency and cake solids concentrations were lower than expected. After
consulting with the equipment manufacturer, a new back drive motor was ordered and will be installed
for Task 5.

® Lack of xylose conversion
To date, little conversion of xylose to ethanol has been achieved in the PDU. This may be due to
inhibition by a variety of substances, including ethanol and pretreatment products. This issue should
more appropnately be investigated at the bench scale. A continuous bench-scale system will be set up
and run parallel with Task 5 to investigate this issue. However, lack of xylose conversion is not
expected to significantly affect the quality of the feed generated for animal testing.

® High levels of oligomeric glucose remaining at the end of the fermentation
As previously identified during Task 4, there are high levels of oligomeric glucose (15—20 g/,
approximately 20% of the total soluble glucose) remaining at the end of the fermentation. During Task
5, work will be done to identify the source of these sugars.

® Lack of mass balance mtegration for all unit operations
Data collected up to this point well characterizes individual unit operations (i.e., pretreatment and
fermentation). During Task 5, samples will be collected to allow better characterization of the entire
process.



L4 Fermentation“ cell counts
The use of cell counts to calculate cell mass is still giving amounts that are lower than expected. During
Task 3, a correlation will be develop using LNHST?2 for estimating cell mass fran hemacytometer cell
counts.

7.0 Summary |

LNHST2 was ‘mftially grown in the seed fermentationtrain using the 20-L, 160-L,and 1450-L fermenters. The
APR and ferrnen‘tatnon equipment were successfully operated for a period of six weeks. Although the APR had
several major downtimes (one day or longer), there was a continuous 16 day stretch of nearly continuous
operation. A steady state was achieved during this time in which ethanol concentration in the fermenters tracked

average sugar production fram the APR.

Although contaminants were detected in the main fermenters, antibiotics
were used to successfully control major outbreaks.

Spent fermentation broth was distilled as part of the kill step and to recover ethanol for use in a recycle stream.
The column bottoms was sent to centrifugation to recover the solid product and approximately 5.8 tons of dry
product was collected for animal feed testing.

Most of the specificationsfor this runwere successfully achieved, including operation at steady state for 14 days,
adequate conversion of feedstock to sugars during pretreatment, sustained operation above 25% solids in SSCF
at atotal reS|dence time of 36 hours in each fermenter, adequate closure of mass and carbon balances, elimination
of continuous inoculation, and collection of product for animal feed testing. Use of a recycle stream to achieve
8.0% ethanol to ,distillationwas not done because of concerns about ethanol inhibition. However, a recycle
stream was used to increase ethanol concentration in SSCF to 4.5%. The most serious concerns are little or no
xylose conversion to ethanol in the PDU and high levels of unconverted oligomeric glucose. Both of these issues
need to be investigated at the bench scale.
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Figure 2. PDU Task 4 Run History
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Figure 3. Glucose Concentrations in APR Samples
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Figure 4. Xylose and Acetic Acid Concentrations in APR Samples
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Figure 5. APR Glucose and Xylose Yields
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Figure 8. Monomeric Sugar Concentrations and Cell Counts in the SSCF Fermenters
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Figure 9. Product Concentrations in the SSCF Fermenters

Concentratlon (g/L)

First 9000-L Fermenter Product Concentrations

60.00

50.00 +

40.00 +

30.00 + Begin Ethanol Recycl

20.00 4

- Lactic Acid
g Acatic Acid
—#— Ethanol

T e #X
R R A
S :2,3? S At A

t

0 200 400 600 800 1000
Run Time (h)

1200

Concenirations {g/L)

Second 9000-L Fermenter Product Concentrations

60.00

50.00

[+] [55] i
o o o
Q (=] Q
o o le]

10.00

0.00

—&— Lactic Acid
-~z Acetic Acid
- Ethanol

Run Time (h)

1200

Conceniration {g/L)

~Third 9000-L Fermenter Product Concentrations
60.00

50.00

A

40.00

30.00 1

20.00

10.00 +

0.00

- Lactic Acid
s Acetic Acid
—¥— Ethanol

Run Time (h)

1200




Figure 10. Ethanol and Xylose in the 9000-L Fermenters
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Optical Density @600 nm

10

from the same run.

Figure 11. Growth rate of LNHST2 From Stock and PDU run and an unknown yeast

I

0.01

—e— LNHST? Stock, u=0.465/
~ - LNHST2 From PDU, u=0.426/h

~&- Unknown Yeast v=0.741

Hours

10



Figure 12. Comparison of fermentation products and xylose consumption between
- LNHST2 from Stock, LNHST2 from PDU run and an unknown yeast from the same run.
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Figure 13. Ethanol Concentrations at Steady State
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Figure 14. Xylose Concentrations at Steady State
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Glucose Concentration (g/L)

Figure 15. Glucose Concentrations at Steady State
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Figure 16. Cellulose Concentrations at Steady State
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Run start data 17-Mar-96 APR Data

Run Name: CRADA Task 4
Run 1D#: POBO314CF
Dale Time Run time APR # Tol. Solids |TDS Liguid | Ins.Solids Sample Wi. HPLC {gi}
th) Oven (%) {%) ) (@ ] Glucose | Xylose | Gal__ | aab_ ] Man_ | Cello. | xyitol [ -succinic | —tacte }——————

3/15/96 4:00 -56.5 210 35.85% 0.00% 9.07% 2508 77.77 45.89 11.28 37.44 0.00 0.00 1.93 0.00 2.36
3/15/96 13:00 475 211 37.55% 0.00% 950%  25.05 94.03 49.24 11.35 34.47 11.07 0.00 2.67 c.00 2.1
3/15/96 22.00 -38.5 212 38.23% 0.00% 9.67% 25.05 67.39 35.83 892 32.63 7.52 0.00 0.25 000 0.00
3/16/96 5:.00 -31.5 213 36.39% 0.00% 9.21% 2507 10272 53.46 14.77 35.06 11.20 0,00 1.79 0.00 0.67
3/16/98 13.00 -23.5 214A  35860% 0.00% 8.39% 25.05 69.35 36.94 7.90 30.54 0.00 0.00 1.68 0.00 1.19
3/16/96 13:05 -23.33333 214B  34.31% 0.00% 7.89% 2510 86.99 47.05 9.45 3214 0.00 0.00 292 0.00 0.00
3/16/96 13:20 -23.16667 214C  36.61% 0.00% 8.58% 2522 74.19 39.60 8.03 32.40 0.00 0.00 0.66 0.00 0.00
3796 5:00 -7.5 216 33.63% 0.00% 8.41% 25.25 83.90 46.31 10.05 33.56 8.69 0.00 217 0.00 t.90
317/95 21:00 85 218 32.11% 0.00% 8.03% 25.63 78.30 41.30 863 29.69 7.56 0.00 0.00 0.00 0.00
3/18/96 13:00 24.5 220 3576% 0.00% 8.54% 25.22 80.08 4268 10.39 3323 0.00 0.00 2.44 0.00 2.34
3/18/96 21:00 325 221 27.53% 0.00% 6.88% 25.27 83.77 3651 8.37 25.88 0.00 0.00 0.00 .00 037
3/19/96 5:00 405 222  26.75% 0.00% 6.69% 26.02 66.12 37.86 9.30 26.79 0.00 0.00 1.97 0.00 1.49
319/95 21.00 56.5 224 25.43% 0.00% 6.36% 27.16 58,44 33.00 7.84 24.60 5.05 0.00 0.00 0.00 0.94
3r20/96 5:00 54.5 228 25.06% 0.00% 6.27% 25.15 5220 3397 839 26.02 0.00 0.00 0.42 0.00 0.00
3/20/96 2100 80.5 227 28.40% 0.00% 7.10% 28.96 76.63 3364 7.93 2367 0.00 0.00 2.10 0.00 1.93
3/21/96 5:00 88.5 231 2B.44% 0.00% 711% 27.37 72.47 30.00 B.69 24.29 0.00 0.00 0.00 0.00 1.13
3/21/96 21:.00 104.5 230 2597% 0.00% 6.49% 28.09 50.02 29.14 797 2395 0.00 0.00 0.00 0.00 0.58
3/23/98 18:40 150.16667 232 27.66% 0.00% 6.92% 2543 82.20 35.18 8.80 23.03 0.00 0.00 1.82 0.00 0.00
3/25/96 13:00 192.5 233 32.22% 0.00% 8.05% 27.07 38,99 25.96 7.34 30.86 263 0.00 1.35 0.00 3.28
3/25/96 21.00 200.5 234  32.50% 0.00% 8.12% 28.04 74.43 41.76 990 32147 6.87 0.00 1.05 0.00 1.79
3/26/96 5:00 208.5 235 36.56% 0.00% 9.14% 24968  137.40 45.15 9.25 27.38 9.35 0.00 217 0.00 1.04
3/26/96 21:00 224.5 237  3381% 0.00% 8.48% 26.45 87.91 40,99 9.34 28.85 0.00 0.00 2.28 0.00 383
3/27/96 5:00 2325 238 34.43% 0.00% 861% 25.78 88.07 41.63 9.95 30.48 0.00 0.00 0.87 0.00 1.51
3/28/96 5:00 256.5 240  34.08% 0.00% 8.52% 25.41 95.18 41.51 8.82 27.32 0.00 0.00 2.49 0.00 412
3/28/96 5:10 256.66667 240 34.08% 0.00% 8.52% 5.00 94.25 40.60 9.61 24.38 0.00 0.00 0.88 0.00 1.50
3/28/96 §:20 256.83333 240  34.08% 0.00% 8.52% 8.26 94.26 4198 9.46 26.55 0.00 0.00 191 0.00 325
3/28/96 5:30 257 240 34.08% 0.00% 8.52% 25.20 100.85 44.45 10.61 28.83 0.00 0.00 1.76 0.00 3.08
3/28/96 13:40 265.16667 241 34.97% 0.00% 8.74% 25.69 73.50 47,94 11.03 35.03 0.00 0.00 1.89 0.00 2.27
3/28/96 2100 272.5 242 37.20% 0.00% 9.30% 25.51 90.72 5159 11.36 34867 0.00 0.00 095 0.00 0.00
3/29/96 21:00 296.5 245 36.59% 0.00% 9.15% 25.10 71.73 44.05 10.82 34.14 0.00 0.00 0.00 0.00 2.15
3/30/98 5:00 304.5 246 36.B2% 0.00% 8.21% 2512 48.84 3414 9.15 33.49 0.00 0,00 0.00 0.00 0.00
3130/96 21:00 3205 248 35863% 0.00% 8.91% 25.15 59.21 41.48 10.40 34.36 0.00 0.00 1.59 0.00 1.71
3r31/96 5:00 3285 249  35.78% 0.00% 8.95% 25.07 48.69 35.76 9.41 3367 0.00 0.00 0.47 0.00 0.17
3/31/96 21.00 344.5 251  34.27% 0.00% 8.57% 25.03 5576 40,09 10.13 33.87 6.43 0.00 1.53 0.00 207
4/1/96 5:00 3525 252 35.63% 0.00% 891% 27.87 70.47 47.14 11.67 35,90 7.91 0.00 0.20 0.00 0.00
4/1/96 21:00 368.5 254 32.73% 0.00% 8.18% 25.70 66.12 40,33 10.53 3t.12 240 0.00 15.21 0.00 1.82
4/2/96 5:00 376.5 255  37.03% 0.00% 5.26% 29.10 83.86 47.90 12.42 35.55 0.00 0.00 0.51 0.00 0.00
4/2/96 21:60 3825 257  35.33% 0.00% 8.83% 2517 57.97 40.54 10.31 33.88 6.62 0.00 1.70 0.00 3.48

4/3/96 5:00 400.5 258 33.56% 0.00% 8.39% 26.18 54.61 39.83 10.25 33.68 6.67 0.00 0.00 0.00 0.00



Run start data 17-Mar-96

Run Name: CRADA Task 4

Run {D#: P960314CF
Dale Time RAun lime APR 4 Liguor Analysis {Total Sugars}

{h} I Glycercl ] Acelic ] E1OH I HMF ! lurjural Glucose Xylose Galaclose  Arabinose  Mannose

3/15/86 4:00 -56.5 210 0.00 4.00 0.00 0.00 0.00 118.34 68.50 13.76 42.07 0.00
3/15/86 13:00 -47.5 211 0.00 451 0.00 0.00 0.00 137.60 42.82 14,07 43.32 0.00
3/15/96 22:00 -38.5 212 0.00 291 0.00 0.00 0.00 151.77 62.48 13.24 42.99 0.00
3/16/96 5:00 -315 213 0.00 422 0.00 0.00 G.00 143.72 71.69 14.86 44 65 0.00
3/16/96 13:00 -23.5 2144 0.0C 4.49 0.00 0.00 .00 131.26 68.87 11,80 43.49 0.00
316/986 13:05 -23.33333 2148 0.00 3.17 0.00 0.00 .00 132.51 68.30 12.45 43.26 0.00
3/16/98 13:20 -23.16667 214C 0.00 4.52 0.00 0.00 0.00 103.34 51.42 12.30 37.19 0.00
317/96 5:00 -7.5 216 0.00 3.68 0.00 0.00 0.00 128.53 68.14 16.44 42.57 10.88
317/96 21:00 8.5 218 0.00 2.20 0.00 0.00 0.00 118.44 57.01 11.07 3438 11.36
3/18/98 13:00 24.5 220 0.00 3.39 0.00 0.00 0.00 123.89 61.18 13.03 35.96 10.35
3/18/06 21:00 azs 221 0.00 3.95 0.00 0.00 0.00 87.52 47 60 10.25 2827 7.85
3/19/96 5:00 405 222 0.00 3.26 0.00 0.00 0.00 84.51 45.00 9.59 26.67 7.59
3/15/96 21:.00 56.5 224 0.00 0.00 0.00 0.00 0.00 84.13 46.54 12.04 2961 0.00
3/20/386 5:00 64.5 228 0.00 273 0.00 0.00 . 0.00 82.59 51.08 13.28 33.07 11.33
3/20/86 21.00 80.5 227 0.00 277 0.00 0.00 0.00 110.68 48.09 12.30 30.15 12.71
3/21/86 5:00 885 23 0.30 291 0.00 0.10 0.84 112,08 46.19 11.39 2817 13,74
3/21/86 21:00 104.5 230 0.1¢ 212 0.00 0.00 0.87 90.46 46.34 11.32 28,08 12.48
3/23/96 18:40 150.18667 232 0.00 287 0.00 0.00 0.00 112.57 41.44 855 26.88 11.04
3/25/96 13:00 192.5 233 0.00 2.23 0.00 0.00 0.00 109.10 5594 12.35 37.57 0.00
3/25/98 21:00 200.5 234 0.00 3.21 0.00 0.00 .00 114.85 53.91 13.00 38.13 12.80
3/26/96 5:00 2085 235 0.00 3.89 0.00 0.57 0.00 178.84 56.54 13.09 34.38 0.00
3/26/96 2100 224.5 237 0.00 3.74 0.00 0.00 0.00 118.87 5165 10.86 31.60 11.58
3/27/96 5:00 2325 238 0.00 3.02 268 0.00 0.00 124.62 52.79 10.75 32.34 11.27
3/28/96 5:00 256.5 240 0.00 4.08 0.00 0.00 0.00 130.56 55.82 12.48 34 81 0.00
3/28/96 5:10 256.66567 240 0.00 4.23 0.00 0.00 0.00 138.15 60.66 16.56 3253 0.00
3/28/96 5:20 256.83333 240 0.00 397 0.00 0.00 0.00 138.32 59.19 15.086 3522 0.00
3/28/96 5:30 257 240 0.00 4.21 0.00 0.00 0.00 142.07 60.78 16,63 36.69 0.00
3/28/96 13:40 265.18687 241 0.00 5.16 0.00 0.00 0.0 109.68 67.37 15.65 4361 0.00
3/28/96 21:00 2725 242 0.00 4.30 0.00 0.00 0.00  123.57 66.93 15.39 42.82 0.00
3/29/96 21:00 296.5 245 0.00 4.79 0.00 0.00 0.00 143.98 88.52 3183 57.62 27.69
3/30/96 5:00 3045 248 0.00 3.02 0.00 0.00 0.00 126.11 71.92 19.08 4571 9.90
3/30/95 21:00 3205 248 0.00 3.26 0.00 0.00 0.00 122.50 75.18 18.32 46.08 7.28
3/31/98 5:00 3285 249 0.00 1.43 0.00 0.00 0.00 115.78 68.61 16.56 4281 14.05
3131/96 21:00 3445 251 0.00 3.58 0.00 0.00 0.00 105.56 65.93 14.35 4264 11.79
4/1/96 5:00 3525 252 0.00 3.29 0.00 0.00 0.00 113.76 69.76 14.98 44 35 12.57
4/1/96 21:00 368.5 254 0.00 410 0.00 0.00 0.00 122,50 72.50 2013 49.14 15.42
4/2/98 5:00 376.5 255 0.00 349 0.00 0.00 0.00 137.81 72.64 16,52 45.52 1554
4/2/96 21:00 3925 257 0.00 383 0.00 0.00 0.00 117.6% 75.90 18.16 50.97 7.42
413/96 5:00 400.5 258 0.00 3.08 0.00 0.00 0.00 110.48 71.70 16.29 47.27 6.99



Run start data

17-Mar-96

Run Name: CRADA Task 4
Run |D#; PS60314CF

Data Time Runtime APR # Tol. Solids |[TDS Liquid | Ins.Solids Sample Wt. HPLC [gn}
i Oven (%) (%) (%) @ | Glucose | xylose | Gal [ Aab. | Man. | Cefio. | Xyliol | Succinic | Lactic |
4396 ——21:00— 416.5——260—35:21% - —-0.00% - —8.80%  — 2584 —— 6272 — 3721 10.01 3051 000 - 000145 00— 210
4/4/36 5:00 4245 261 35.42% 0.00% 8.85% 2799 70.51 38.89 10.15 30.25 0.00 0.00 0.00 0.00 0.00
4/4/986 21.00 440.5 263 33.85% 0.00% 8.46% 27.39 54.77 3365 967 31.14 2.14 0.00 1.30 c.00 213
4/5/96 5.00 4485 264 35.49% 0.00% 8.87% 27.35 64.59 3993 10.56 33.43 2.57 0.00 0.16 0.00 0.00
4/5/96 21:00 454.5 266 35.02% 0.00% 8.76% 25.05 60.69 40.46 10.43 33.98 2.18 0.00 1.82 0.00 -2.26
4/6/96 5:00 4725 267 35.35% 0.00% 8.84% 25.10 76.11 43,36 10.23 32.39 6.95 0.00 1.27 0.00 0.00
4/6/98 21:00 488.5 269 35.39% 0.00% 8.85% 25.09 55.84 36.75 10.22 32.99 2.72 0.00 1.46 0.00 1.82
4/7/96 5:00 496.5 270 36.27% 0.00% 8.07% 2514 90.89 49.53 12.01 34.40 895 0.00 1.37 0.00 0.00
4/7/96 21:00 5125 272 3551% 0.00% 8.88% 25.04 68.21 43.99 11.40 34.06 4.25 0.00 1.93 0.00 257
4/8/96 5:00 520.5 273 36.79% 0.00% 8.20% 25.26 7551 46.52 11.81 34.22 4,20 .00 1.16 0.00 0.00
4/8/96 21:00 536.5 275 36.74% 0.00% 9.18% 25.23 81.43 45.14 11.00 32.28 3.04 0.00 2.08 0.00 208
4/9/96 5:00 5445 276 35.81% 0.00% 8.95% 25.41 71.24 4412 1.7 35.16 a.1s8 0.0¢ 1.35 G.00 0.00
4/9/96 21:00 560.5 278 35.89% 0.00% 8.97% 25.48 75.48 43.72 1033 3263 291 0.00 2.05 G.00 0.00
4/10/96 5:00 568.5 279 35.59% 0.00% 8.90% 2505 70.41 40.34 10.00 2z 2.52 0.00 0.95 0.00 0.00
4/11/96 5:00 5925 282 35.28% 0.00% 8.82% 25.52 54.86 39.39 10.07 3152 2.93 0.00 1.58 0.00 0.00
4/12/98 5:00 616.5 285 33.29% 0.00% B.32% 25.31 65.95 38.03 892 30.73 6.13 0.00 0.59 0.00 0.00
4/13/96 5:00 640.5 286 33.63% 0.00% B.41% 33.63 28.15 18.27 587 21.37 378 0.00 0.83 0.00 210
4/13/96 21:00 656.5 288 31.97% 0.00% 7.99% 25.35 23.17 18.28 8.22 26.81 327 0.00 1.05 0.00 1.81
4/14/96 5:00 664.5 289 32.02% 0.00% 8.01% 25.70 41.61 27.58 8.97 25.83 3.06 0.00 1.07 0.00 1.38
4/14/96 21:00 680.5 291 31861% 0.00% 7.90% 25.77 33.87 23.95 7.75 28.16 2.70 0.0 1.08 0.00 299
4/15/96 5:00 688.5 292 33.21% 0.00% 8.30% 25.72 35.16 23.29 7.64 28.04 2.88 0.00 0.83 0.00 0.00
4/15/98 21.00 7045 293 3287% 0.00% 8.22% 28.23 50.77 3063 8.28 268.88 4.54 0.00 1.13 0.00 1.44
4/16/56 5:00 7125 294 33.25% 0.00% 8.31% 28.19 63.46 34.76 8.79 28.02 0.00 0.00 0.76 0.00 0.51
4/16/96 13:20 7208 295 36.42% 0.00% 8.22% 27.61 81.76 36.52 4.01 256.49 0.00 0.00 1.55 0.00 0.87
4/17/96 5:00 736.5 296 33.49% 0.00% 8.37% 27.65 24.17 17.91 5.10 25.34 0.00 0.00 0.88 0.00 1.56
4/17/96 21:00 752.5 299 33.33% 0.00% 8.33% 26.85 59.78 33.48 8.70 28.89 0.00 0.00 1.35 0.00 2.76
4/18/96 5:30 761 300 3461% 0.00% 8.85% 27.60 52.01 30.05 811 27.99 2.31 0.00 0.44 0.00 0.76
4/18/96 21:00 776.5 302 36.51% 0.00% 9.13% 24,96 78.24 36.63 9.70 28.73 0.00 0.00 1.90 0.00 2.05
4/19/96 8:00 784.5 303 33.32% £.00% 8.33% 25.04 69.62 38.09 10.04 30.66 0.00 0.00 0.86 0.00 094
4/19/96 21:00 800.5 305 3527% 0.00% 8.82% 25.11 68.61 38.53 9.81 30.73 3.09 0.00 243 0.00 243
4/20/96 5:00 808.5 306 34.73% 0.00% 8.68% 25.25 75.78 39.55 10.02 30.37 2.97 0.00 0.97 0.00 0.00
4/20/96 21:00 8245 308 3508% 0.00% 8.77% 25.23 68.45 40.32 10.18 32.53 0.00 0.00 1.61 0.00 1.66
4/21/96 5:30 833 309 3522% 0 §.80% 25.67 72.97 39.52 10.14 31.03 0.00 0.00 1.27 0.00 1.77
4/21/36 21:00 8485 311 3B4% 0 9.10% 26.15 90.19 45.05 9.85 30.75 0.00 0.00 2.42 0.00 274
4/22/96 500 856.5 312 3BB1% 0 9.15% 26.25 89.49 47.26 10.29 31.40 0.00 0.00 1.82 0.00 .00
4/22/96 21:00 8725 314 3512% 0 8.78% 25.06 55.65 33.40 9.08 31.05 0.00 0.00 1.38 0.00 0.00
4/23/96 5.00 880.5 315 34.45% 0 861% 29.21 48.94 2967 8.41 27.57 2.1 0.00 9.73 0.00 0.00
4/23/96 21:00 896.5 317 35.37% 0 8.84% 27.30 59.33 35.49 9.59 31.45 2.08 0.00 1.44 0.00 0.00
4/24/96 5:00 g04.5 318  34.60% 0 8.685% 26.02 64.09 35.57 9.23 29.85 2.04 0.00 1.05 0.00 1.23



Run start data 17-Mar-96
Run Name: CRADA Task 4
Run ID#: P960314CF
Date Time Run time APR # Liquor Analysis {Total Sugars)
{n) { Glycorol [ Acotic | Eion | HMF | tuiual | Glucoss  Xyloss  Galactosa Arabinose Mannoss
4/3/96 21:00 418.5 260 0.00 3.81 0.00 0.00 C.00 124.25 64.31 14.28 4160 419
4/4/96 5.00 424 .5 261 ¢.00 3.23 0.00 0.00 .00 127.04 63.87 15.76 42.00 6.10
4/4/96 21:00 440.5 263 0.00 3.12 0.00 0.00 0.00 118.01 62.67 13.67 41.21 0.00
4/5/98 5:00 4485 264 0.00 2.98 0.00 0.00 0.00 12095 67.69 14.49 43.89 0.00
4/5/96 21:00 464.5 266 0.00 a7 0.00 0.00 0.00 117.98 70.27 16.14 45.64 577
4/6/96 5:00 472.5 287 0.00 4.18 0.0¢ 0.00 0.00 126.16 67.36 15,52 44.06 5.35
4/6/96 21.00 4885 268 0.00 3.00 0.00 0.00 0.00 122.23 67.94 1537 45.20 5.15
4/7/96 5:00 4985 270 0.00 2.07 0.00 0.00 0.00 137.24 71.78 17.10 47.46 0.00
417/96 21.00 5125 272 0.00 4.46 0.00 0.00 0.00 $17.41 65.63 14,33 41.16 11.83
4/8/96 5:.00 5205 273 0.00 440 0.00 0.00 0.00 124.06 68.10 1460 42.22 0.00
4/8/96 21:00 536.5 275 0.00 418 0.00 0.00 0.00 128.45 65.74 14.26 40.85 4.72
4/9/96 5:00 544.5 276 0.00 3,565 0.00 0.00 0.0C 127.82 70.35 15.02 41.81 2.69
4/9/96 2100 560.5 278 0.00 3.73 0.00 0.00 0.00 124.83 67.15 14.04 41.22 10.65
4/10/96 5:00 568.5 279 0.00 3.18 0.00 0.00 0.00 128.35 67.18 14.12 41.45 512
4/11/96 5:.00 592.5 282 0.00 3.57 0.00 0.00 0.00 120.01 64.73 13.43 38.62 10.36
4/12/96 5:00 616.5 285 0.00 2.897 0.00 0.00 0.00 124.35 64.47 14.25 40.53 12.62
4/13/96 5:00 640.5 286 0.00 1.88 0.00 0.00 0.00 103.51 45.93 10.07 29.23 0.00
4/13/96 21.00 656.5 288 0.00 1.97 0.00 0.00 .00 112.23 56.16 12.40 37.90 0.00
4714198 500 664.5 289 0.00 2.16 0.00 0.00 0.00 127.00 61.62 13.56 40.33 12.94
4/14/96 21:00 6805 291 0.00 2.56 0.00 0.00 0.00 120.31 60.29 1413 39.33 11.53
4/15/96 5:00 6885 292 0.0¢ 223 0.00 0.00 0.00 134.44 61.46 14.66 40.54 0.00
4/15/96 21:00 7045 293 0.00 238 0.00 0.00 0.00 124.00 62.76 14.19 40.75 12.47
4/16/96 5:00 7125 294 0.00 249 0.00 ¢.00 0.00 126.36 62.88 14.35 40.08 12.41
4/16/96 13:20 720.8 295 0.00 296 0.00 0.00 0.00 132.37 54.59 5.64 35.46 0.00
4/17/96 5:00 736.5 296 0.00 1.79 0.co 0.00 0.00 113.99 50.37 10.69 36.33 0.00
4/17/96 21:00 752.5 299 0.00 2.91 0.C0 0.0 0.00 122.70 60.82 13.20 39.43 0.00
4/18/86 5:30 781 300 .00 2.1% 0.00 0.00 0.00 142.78 58.95 15.58 42.05 ]
4/18/96 21:00 776.5 302 .00 3.10 0.00 0.00 .00 140.42 58.51 11.43 35.81 0.00
4/15/98 5:00 7845 303 0.00 2.85 0.00 0.00 C.00 124.90 61.30 11.57 37.83 0.00
4/19/96 21:00 800.5 305 0.00 .70 0.0C 0.00 0.00 125.40 64,61 13.59 39.81 0.00
4/20/96 500 808.5 306 0.00 1.81 0.00 0.00 0.00 129.96 63.71 13.83 40.23 €.00
4/20/96 21.00 824.5 308 0.0¢ 3.40 0.00 0.00 0.00 127.92 63.75 14,45 44.36 0.00
4/21/96 5:30 833 309 0.00 2,86 0.00 0.00 0.00 134.88 70.63 16.00 48,39 0.c0
4/21/96 21:.00 8485 3n 0.00 377 0.00 0.00 0.0 133.74 64.43 13.50 40.69 0.00
4/22/96 5:.00 858.5 312 0.00 377 0.00 0.00 0.00 135.42 68.07 14.07 42.09 0.00
4/22/96 21:00 8725 34 0.00 0.29 0.00 0.00 0.00 119.92 60.86 13.08 4003 0.0¢
4/23/96 5:00 880.5 315 0.00 391 0.00 0.00 0.00 115.16 61.24 13.05 3938 0.00
4/23/96 21:00 896.5 317 0.00 397 ¢.Co 0.00 0.00 115.79 61.81 13.33 40.53 0.00
4/24/96 5:00 804.5 318 0.00 3.05 .00 0.00 0.00 126.59 65.71 156.32 43.19 577



Run start data

17-Mar-986

Run Name: CRADA Task 4

Run ID#: PSB0314CF
Cate Time Run time APR # Tol. Sefids |TDS Liquid | ins.Solids Sample Wi HPLC (g}

{h) Oven {%) (5%) (%) {9} Glucoss | Xylose | Gal. | arab. [ Man. [ celo. | xyitol | Succinic [ Lacic |

4/25/96 500 9285 320 3395% - -0 B49% - 2752 3159 2085 - 605 - 2654 - 920 0.00——0.89—0.00 94—
4/25/96 21:00 9445 322 31.59% 0 7.90% 25.42 37.06 24.35 6.82 2785 0.00 0.00 0.97 .00 0.00
4/26/96 5:00 952.5 323 36.33% 0 9.08% 26.61 58.26 29.62 8.44 30.38 Q.00 0.00 1.55 0.00 2.26
4/26/96 13:00 960.5 324 33.36% 0 8.34% 25.42 36.19 24.99 86.97 25.97 0.00 0.00 1.32 0.00 232
4/27/196 5.00 976.5 325 34.81% 0 8.73% 25.83 37.13 23.31 6.25 28.47 0.00 0.00 1.88 0.00 0.00
4/29/96 5:00 1024.5 327 34.06% 0 8.51% 28.02 104.18 54.57 8.58 2883 2.70 0.00 0.00 0.00 287
4/29/96 13:00 10325 329 34.14% 0 7.80% 27.89 88,65 49,63 0.79 27.06 0.00 0.00 2.9% 0.00 2.64
4/29/96 21:00 1040.5 330 3529% 0 8.82% 26.51 B8.10 47.50 985 31.09 2.74 0.00 2.84 G¢.00 5.81



Run start data 17-Mar-96

Run Name: CRADA Task 4

Run |D#: P960314CF
Dale Tima Run time APH # Liquor Analysis {Total Sugars)

{h) l Glycarol I Acelic ] EIOH ] HMF ] furtural Glucose Xylose Galacloss  Arabinosse  Mannose

4/25/96 5.00 9285 320 0.00 2.01 0.00 0.00 0.00 146861 62.02 12.96 4193 2.75
4/25/88 2100 9445 322 0.00 237 0.00 0.00 0.00 109.81 53.13 10.95 35861 2.79
4/26/96 5:00 §52.5 323 0.00 345 0.00 .00 Q.00 145.84 59.32 12.24 3797 0.00
4/26/96 13:00 880.5 324 0.0C 376 0.00 0.00 0.00 114,93 55.88 10.73 3616 1.47
4/27/96 5:00 878.5 325 0.00 592 0.00 0.00 0.00 138.24 55.43 868 34.85 0.00
4/29/96 5:00 1024.5 327 0.00 4.8% 0.00 0.00 0.00 136.08 66.26 1271 3989 3.92
4/29/96 13:00 103256 329 0.00 422 0.00 0.00 0.00 118.98 60.78 2.77 3592 0.00
4/29/96 21.00 10405 33C 0.00 3.85 0.00 0.00 0.00 136,58 68.88 12.65 42.26 4.37
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Run start date 17-Mar-96  Time 12:30 PDU Analytical Results

Run Mame: CRADA Task 4 Vessel: V-455A
Run ID#: P960314CF

Dats Time Run tma o.D CeilMass Y¥SIGluc ¥SIEIOH YSIlLadate DCwW % Viability Enz Activ. lerz. Digesl Conlamination pH
{h} 600 nm CFUs ) fen) {al) tgil) FPU/mL Scope | Liguid | Plate Fioor | Micro |
16-Mar-96 2.00 -34.5 - o i
——— ———17-Mar-96—12:25— -

17-Mar-96 12:30 0 53.4 1.22 1.29 4.85
17-Mar-96 1800 5.5
18-Mar-86 2:00 13.5 53 10.2 1.4 4.96
18-Mar-96 10.00 21.5 1.04E+08 clean )
18-Mar-96 15.05 26.5 2.156 34.95 1.35 4.84
18-Mar-86 18:00 29.5 1.41 38.8 1.41 5.12
19-Mar-S6 2:00 75 2.9 38.3 1.36 5.10
19-Mar-96 1000 45.5 7.08E+07 2.53 33.75 1.28 clean 5.16
19-Mar-96 18:00 53.5 2.36 48.7 1.2 5.15
20-Mar-96 2:20 61.8) 2.7 37.2 1.16 510
20-Mar-96 7:45 67.2f 8.05E+07 clean
20-Mar-95 10:00 60.5{ 262 37 117 5.04
20-Mar-96 18:00 77.5 2.81 334 117 4.71
21-Mar-96 2:00 85.5 2.45 36.85 1.12 5.10
21-Mar-96 10:00 935 5.00E+07 1.63 33.95 1.06 clean 5.02
21-Mar-96 18:00 101.5 1.92 33.85 1.04 5.07
22-Mar-96 2:00 108.5 3.38 32.75 1 5.02
22-Mar-96 10.00 117.5 6.85E4+07 2.05 30 1.04 clean 512
22-Mar-96 18:00 125.5| 0.41 32.1 1.15 4.95
23-Mar-96 2:00 1335 0.48 355 1.21 5.04
23-Mar-96 10:00 141.5] 0.5 335 1.23 5.05
23-Mar-96 18.00 149.5| 0.33 37.9 1.23 5.02
24-Mar-96 2:00 157.5| 0.3 1.1 5.21
24-Mar-96 10:00 165.5 0.21 3075 1.06 5.16
24-Mar-96 18:00 173.5 0.13 4.7 1.04 5.09
25-Mar-96 2:00 181.5] 0.2 35.3 0.89 5.11
25-Mar-96 10:00 189.5| 6.90E+07 0.188 33.2 0,97 rods 5.08
25-Mar-96 18:00 197.5 3.91 325 1.03 5.12
26-Mar-96 2.00 205.5) 4.3 1.19 5.14
26-Mar-96 10:00 213.5 8.25E107 3 35.8 1.5 rods 5.07
26-Mar-96 18:00 2215 0.27 37.4 1.64 5.03
27-Mar-96 2.00 229.5 6.33 36.1 1.66 5.10
27-Mar-96 10:00 237.5 5.05E+07 7.7 33.45 1.7 rods 5.07
27-Mar-96 13:20 240.8 5,43 26.15 1.83 4.96
27-Mar-96 18:.00 2455 3.96 34.2 1.65 4.81
27-Mar-96 22.00 249 5 3.3% 34.45 1.63 4.97
28-Mar-96 2:00 253.5 0.33 75 1.21 4.99




Run start date
Run Name: CRADA Task 4

17-Mar-96

Run 1D#: P960314CF
Dala Time Run time Tolal Solids Washed Sclids Acid Conc. | Sample Wi. HPLG {gi ]
{n) chem F oveni% | iR | ToDs (%) | weight @] T5(%) {%) {a) Glucose | Xylose

16-Mar-96 2:00 -34.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00
17-Mar-96 12:25 of 0.00% 0.00% 0.00 0.00% | 0.00% 0.00
17-Mar-96 12:30 ol
17-Mar-96 18:00 5.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00
18-Mar-96 2:00 13.5)
18-Mar-96 10:00 21.5 0,00% 0.00% 0.00 0.00% 0.00% 0.00 4.22 32.06 8.56 28.92 0.00 13.11
18-Mar-96 15:05 26.6 .
18-Mar-26 18:00 29.5 .00% 0.00% .00 0.00% 0.00% 0.00 5.19 32.06 8.94 29,49 0.00 12.48 -
19-Mar-96 2:00 az.s| 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 5.61 31.06 8.74 268.53 0.00 12.05
19-Mar-96 10:00 45.5
19-Mar-96 18.00 53.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 4,71 31.11 8.12 27.41 0.00 11.34
20-Mar-96 2.20 51.8] 0.00% 0.00% 0.00 0.00% 0.00% 0.00 4,84 30.54 7.92 26.45 .00 11.05
20-Mar-96 745 67.2
20-Mar-96 10:00 69.5
20-Mar-96 18:00 77.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 558 30.51 B.03 26.97 0.00 10.79
21-Mar-96 2:00 85.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 4.54 29.95 7.73 26.00 0.00 10.64
21-Mar-96 10:00 93.5
21-Mar-96 18:00 101.5 0.00% 0.00% 2.00 0.00% 0.00% 0.00 4.89 31.02 8.19 24.81 1.76 10.94
22-Mar-96 2:00 109.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 573 30.59 8.07 26.50 0.00 11.25
22-Mar-96 10:00 117.5
22-Mar-96 18:00 125.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 2.25 26.66 7.24 24.06 0.00 11.64
23-Mar-96 2:00 133.5] 0.00% 0.00% 0.00 0.00% 0.00% 0.00 2.21 27.38 7.47 24.71 0.00 12.25
23-Mar-86 10:00 141.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 2.06 25.98 7.23 23.91 0.00 10.04
23-Mar-96 18:00 148.5) 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 2.00 26.39 7.38 24.45 0.00 10.17
24-Mar-96 2.00 157.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 1.80 24.22 6.86 22.48 0.00 9.33
24-Mar-96 10:00 165.5| 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.65 23.48 6.82 21.14 1.09 8.10
24-Mar-96 18:00 173.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.59 23.76 6.67 21.66 0.98 9.05
25-Mar-96 2:00 181.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 1.79 22.99 6.03 21.08 1.09 9.05
25-Mar-96 10.00 189.5
25-Mar-96 18:00 197.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 565 22.36 5.42 22.80 0.00 B8.21
26-Mar-96 2:00 205 5§ 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 6.17 24.87 6.00 24.29 0.00 8.78
26-Mar-98 10:00 2135
26-Mar-96 18:00 221.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 2.37 27.63 6.38 25.48 0.00 10.18

- 27-Mar-98 2:00 229.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 8,96 28.86 7.06 26.46 0.00 10.47
27-Mar-86 10:00 237.5
27-Mar-96 13.20 240.8)
27-Mar-96 18:00 2455 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 4.97 27.76 6.85 24.81 0.00 10.34
27-Mar-96 22:00 249.5
28-Mar-96 2:00 2535 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 5.88 27.97 6.89 24.17 0.00 10.47




Run start date
Run Name: CRADA Task 4

17-Mar-96

RuniD#:.  P960314CF
Dats Tims Run time

{h} Xyltol | Succinic | Laciic | Glycerol | Acetic | EoH | HMF | tutual
15-Mar-96 2.00 -34.5 1.11 0.00 2.28 0.96 3.42 8.87 0.12 0c0 | .
17-Mar-96—1 2250 124 0.00 2.46 0.44 3.55 0.67 0.21 0.03
17-Mar-96 12:30 o}
17-Mar-86 18.00 5.5 1.23 0.00 2.45 0.58 3.62 2.03 0.19 0.00
18-Mar-S6 2.00 13.5
18-Mar-96 10:00 21.5] 168 0.00 3.18 4.24 413 36.99 0.00 0.00
18-Mar-98 15.05 26.6)
18-Mar-96 18:00 29.5 1.63 0.00 3.0 4.27 4.05 39.61 0.00 0.00
19-Mar-96 2:00 37.5 1.60 0.00 2.85 4.00 3.79 38.94 0.00 0.00
19-Mar-96 10:00 45.5)
19-Mar-96 18:00 §3.5] 0.00 0.00 2.04 3.16 0.00 0.00
20-Mar-96 2:20 61.8] 0.00 .00 1.91 3.02 0.0 0.00
20-Mar-96 7:.45 67.2]
20-Mar-96 10:00 59.50
20-Mar-96 18:00 77.5 1.19 0.00 182 3.04 3.03 36.02 0.00 0.00
21-Mar-96 2:.00 85.5 1.75 0.00 2.66 4.47 3.94 36.94 0.00 0.00
21-Mar-96 10:00 93.5
21-Mar-96 18.00 101.5] 0.00 0.00 2.34 4.21 4.16 0.00 0.00
22-Mar-96 2:00 109.50 ©.00 0.00 2.12 3.97 3.86 0.00 0.00
22-Mar-96 10:00 117.5
22-Mar-96 18:00 125.5 1.28 0.00 2.32 5.09 3.50 35.81 0.00 0.00
23-Mar-96 2:00 133.5] t1.08 0.00 2.06 3.67 3.17 35.92 0.G0 0.00
23-Mar-96 10.00 14150 149 0.00 2.59 4.72 3.83 36.16 0.00 0.00
23-Mar-96 18.00 149.5F 162 0.00 2.84 5.04 4,12 37.08 0.00 .00
24-Mar-96 2:00 157.5] 142 0.00 2.40 4.24 3.68 34.07 0.00 0.00
24-Mar-96 10.00 165.5 1.56 0.00 3.15 5.59 4.99 34.40 0.00 0.00
24-Mar-96 18:00 173.5 1.49 Q.00 2.93 5.45 5.10 35.23 0.00 0.00
25-Mar-96 2.00 181.5] 1.57 0.00 2.96 5.79 5.42 35.29 0.00 0.00
25-Mar-85 10:0% 189.5|
25-Mar-96 18:.00 197.5 1.06 0.00 1.55 3.07 3.88 3523 6.00 0.00
26-Mar-96 2:00 205.5 1.48 0.00 2.32 4.08 4.58 36.68 0.00 0.00
26-Mar-96 10.00 213.5
26-Mar-96 18:00 2215 1.28 .00 2.45 3.71 3.94 38.29 0.00 0.00
27-Mar-96 2:00 22850 154 0.00 3.08 4.02 4.53 38.74 0.00 0.00
27-Mar-96 10:00 237.5]
27-Mar-88 13:20 240.8}
27-Mar-96 18:00 24550 1.71 0.00 3.55 4.90 4.52 38.15 0.00 0.00
27-Mar-96 22.00 249.5
28-Mar-96 2:00 253.5 1.46 .00 316 4.36 4.02 38.89 0.00 0.00




Run start date 17-Mar-96  Time  12:30 PDU Analytical Results
Run Name: CRADA Task 4 Vessel: V-455A
Run ID#: PS60314CF
Date Time Run time o.0. CaliMass ¥SIGluc ¥SIEIOH YS!Lacate oow % Viabilily Enz. Activ. JEnz. Digest Contaminalion pH
{h) 600 hm CFUs (@) g (o) {g/L) FPUAmL Scope | Liguid | Piale Floor | Moo |
28-Mar-96 6:00 257.5 3.48 332 1.61 511
28-Mar-96 9:00 260.5 4.00E+07 2.65 346 1.67 rods 5.07
28-Mar-96 18:00 269.5 i 323 162 5.11
28-Mar-98 22.00 . 273.5 2.97 336 1.55 5.10
29-Mar-98 200 277.5 2.91 36.5 t.52 5.1t
29-Mar-88 .00 284.5 4 47E+07 rods
29-Mar-96 10:00 2855 2.89 34.45 1.43 5.03
29-Mar-96 18.00 293.5 2.75 31.8 1.33 5.11
30-Mar-96 2.00 3015 2.96 315 1.29 4,99
30-Mar-96 10:00 309.5 0.38 34.75 1.26 5.07
30-Mar-96 18:00 317.5 3.22 1.7 1.22 5.03
31-Mar-96 2.00 325.5 3.28 27 1.15 5.02
31-Mar-96 10.00 333.5 2.68 30.7 1.1 5.05
31-Mar-96 1800 341.5 2.74 30.85 1.07 5.04
1-Apr-86 2.00 349 5 2.93 30.05 1.01 4.97
1-Apr-86 10.00 357.5 4.35E+07 2.64 31.1 1.04 5.10
1-Apr-86 18,00 365.5 2.28 30.1 1.03 5.15
2-Apr-96 2.00 373.5 1.99 30 1.03 5.06
2-Apr-96 10:00 3815 5,20E+07 1.92 30.5 0.93 4.95
2-Apr-96 18:00 389.5 2.19 31.05 1 5.03
3-Apr-96 2.00 397.5 2.27 30 1.07 5.10
3-Apr-96 10.00 405.5 5.85E+07 2.4 30.2 1 5.06
3-Apr-96 17.30 413.04 1.95 33.85 1.15 4.81
4-Apr-96 2.00 421.5 1.99 308 1.28 4.82
4-Apr-96 16.00 428.5 2.2 32.7 1.51 4.83
4-Apr-96 18.00 437.5 2.34 31.05 1.82 495
5-Apr-96 2:30 448.0) 213 31.65 2.33 4.88
5-Apr-96 1000 453.5 4 65E+07 2.7 31.95 2.92 4.86
5-Apr-96 18.00 461.5 3.65 31.55 3.28 5.06
6-Apr-96 2:.00 469.5 5.88 2795 3.82 4.85
6-Apr-96 10.00 477.5 3.85E+07 5.64 28.55 4.49 4.0
6-Apr-96 18.00 485.5 5.36 29.45 4.6 4.97
7-Apr-96 2:00 493.5 5.21 27.35 4.58 4.91
7-Apr-96 10:00 501.5 4.76 31.75 4,68 4,92
7-Apr-96 18:00 509.5 3.98 309 3.92 4.94
8-Apr-98 2:00 517.5 4.06 23.3 3.52 4.94
8-Apr-96 10:00 525.5 4. 70E+07 3,36 30.2 3,14 492
8-Apr-96 18:00 533.5 316 30.7 2.76 4.93
9-Apr-96 2:00 541.5 2.29 30.55 2.35 4.94




Run start date 17-Mar-96
Run Name: CRADA Task 4
Run ID#: POB0314CF
Dale Time Run tme Tolal Solids Washed Solids Acid Conc. ¥ Sample Wi HPLC {gi}
{h) Chom | Oveni%) | IR(%) [ TDS (%) | Weight(g) [ 15(%) {%) (o) Glucoss | Xylose | Gal. | Amb, [ _Man. | “celio. |
28-Mar-96 - 8:00 257.5 T L - . =
~-——28-Mar-86——9:00 208 A T
28-Mar-96 18:00 269.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 2.82 27.95 6.92 23.37 0.00 9.87
28-Mar-96 22:00 273.5
29-Mar-96 2:.00 277.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 5.08 29.41 7.20 24.35 0.00 9.87
29-Mar-96 9:00 284.5
29-Mar-86 10:00 285.5
29-Mar-96 18:.00 293.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 4.81 31.43 7.58 25.80 .00 10.35
30-Mar-96 2:00 3015 0.00% 0.00% 0.00 0.00% 0.00% 0.00 5.29 31.84 7.82 26.67 0.00 10.24
30-Mar-96 10.00 309.5 0.00% ©.00% 0.00 0.00% 0.00% 0.00 2.16 30.15 7.54 25.37 0.00 10.03
30-Mar-96 18:00 317.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 4.84 28.89 7.43 24.69 0.00 9.71
31-Mar-96 2.00 3255 0.00% 0.00% .00 0.00% 0.00% 0.00 4.92 28.20 7.37 24,71 1.39 10.13
31-Mar-96 10:00 333.5
31-Mar-96 18:00 341.5
1-Apr-96 200 349.5 0.00% 0.00% G.00 0.00% 0.00% 0.00 4.85 29.10 7.91 26.66 .00 10.20
1-Apr-96 10:00 357.5
1-Apr-96 18:00 365.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 4.73 28.22 7.82 26.02 0.00 9.95
2-Apr-96 2.00 3735 0.00%% 0.00% 0.00 0.00% 0.00% 0.00 4.65 28.87 8.03 26.57 0.00 10.23
2-Apr-95 10:00 381.5¢
2-Apr-96 18:00 389 .5 0.00% 0.00% 0.00 0.00% 0.00% .00 4.80 28.14 7.2 24.68 1.47 10.95
3-Apr-96 2:00 3975 0.00% 0.00% .00 0.00% 0.00% 0.00 4,28 28.69 8.08 24,93 1.50 10.52
3-Apr-96 10:00 405.5
3-Apr-96 17:30 413.0 0.00% 0.00% 0.00 0.00% 0.00% .00 4.08 28.53 8.04 24.47 0.0 10.57
4-Apr-86 2:.00 421.5) 0.00% 0.00% 0.00 0.00% 0.00% 0.00 .69 27.20 7.69 23.08 0.00 10.27
4-Apr-96 10:00 429.5]
4-Apr-86 18:00 437 5] 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 4.57 26.93 7.49 22.36 0.00 10.77
5-Apr-96 2:30 446.0] 0.00% 0.00% .00 0.00% 0.00% 0.00 4.51 26.61 7.50 21.48 0.00 10.92
5-Apr-86 10:00 453.5 .
5-Apr-96 18:00 461.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 6.19 2585 7.45 18.47 0.00 10.69
6-Apr-96 2.00 469.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 8.12 26.50 7.48 18.95 0.00 11.04
6-Apr-95 10:00 477.5
6-Apr-96 18:00 485.5] 0.00% 0.00% 0.00 0.00% 0.00% 0.00 7.29 27.30 7.59 17.68 0.00 10.96
7-Apr-96 2:00 493,51 0.00% 0.00% .00 0.00% 0.00% 0.00 7.34 27.67 7.75 18.28 0.00 11.24
7-Apr-96 10:00 501.5
7-Apr-96 18:00 509.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 6.63 27.89 7.78 19.52 0.00 11.27
8-Apr-96 2.00 517 .5 0.00% 0.00% .00 0.00% 0.00% 0.00 6.23 27.10 7.36 18.84 0.00 10.41
8-Apr-96 10:00 525.5
8-Apr-96 18:00 533.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 5.55 27.48 7.56 20.96 .00 10.71
S-Apr-96 2:00 541.5 0.00% 0.00% €.00 0.00% | 0.00% 0.00 4.98 10.97




Run start date
Run Name: CRADA Task 4

17-Mar-96

Run ID#; P960314CF
Dale Tima Run time
{h) Xylitol | Succinic | tacic | Ghycerol | Aceic | EOH | HMF | lufual
28-Mar-98 6:00 257.5
28-Mar-98 9:00 260.5
28-Mar-98 18:00 269.5] 112 0.00 2.76 3.73 3.42 39.15 0.00 0.00
28-Mar-86 22:00 273.5
29-Mar-96 2:00 277.5 1.47 0.00 3.08 4.37 4.01 38.03 0.00 0.00
29-Mar-96 9:00 284.5
29-Mar-96 10:00 285.5]
29-Mar-96 18:00 293.5 1.56 0.00 2.93 461 4,06 33.48 0.0 0.00
30-Mar-96 2:00 301.5 1.29 0.00 2.54 4.20 3,76 3548 0.00 0.00
30-Mar-96 10:00 309.5 1.22 0.00 2.44 4.20 363 3559 0.00 0.00
30-Mar-96 18:00 75 125 0.00 241 414 371 34.94 0.00 0.00
31-Mar-96 2:.00 325.5) 0.76 0.00 1.56 3.18 2,98 34.23 0.00 0.00
31-Mar-96 10:00 333.5
31-Mar-96 18.00 341.5
1-Apr-96 2.00 3495 1.04 0.00 1.90 3.80 3.52 34.37 .00 Q.00
1-Apr-96 10.00 3575
1-Apr-96 18.00 365.5 0.77 0.00 1.52 3.25 3.08 33.29 0.00 0.00
2-Apr-96 2.00 3735 097 0.00 1.82 3.73 3.414 33.03 0.00 0.00
2-Apr-96 10:00 3815 :
2-Apr-96 18.00 3895 1.15 0.00 2.08 4.15 3.53 32.75 0.00 0.00
3-Apr-96 2.00 3975] 0.2 0.00 1.77 3.64 3.25 32.22 0.00 0.00
3-Apr-88 10.00 405.5
3-Apr-96 17:30 413.0 1.03 0.00 2.23 3.82 3.46 3298 0.00 0.00
4-Apr-96 2.00 421.5 1.37 0.00 3.08 4.69 417 33.04 0.00 0.00
4-Apr-96 10.00 428.5
4-Apr-96 1800 437.5 1.09 0.06 3.69 4.04 417 33.65 0.00 0.00
5-Apr-96 2:30 446.0 1.01 0.00 461 .86 448 33.84 0.00 0.00
5-Apr-96 10:00 4535
5-Apr-96 18:00 461.5 1.43 0.00 7.52 4.80 6,39 31.87 0.00 0.00
6-Apr-96 2.00 469.5 1.49 0.00 8.79 5.15 6.95 30.45 .00 G.00
6-Apr-96 10:00 4775 .
5-Apr-96 18:00 485.5 1.57 0.00 10.67 588 8.29 27.89 0.00 .00
7-Apr-96 2:.00 4935 1.50 0.00 10.22 5.71 8.08 29.04 .00 0.00
7-Apr-96 1000 5015
7-Apr-96 18.00 509.5 1,36 0.00 8.42 4.98 5.99 31.47 .00 0.00
8-Apr-96 2:00 517.5 1.53 0.00 7.85 4.86 5.67 31.83 .00 0.00
8-Apr-96 10:00 525.5
8-Apr-96 18:00 533.5 1.54 0.00 6.12 4.54 5.65 33.57 0.00 0.00
S-Apr-96 2:.00 541.5




Run start date
Run Name: CRADA Task 4

17-Mar-96

RunD#:  P960314CF

Dale Time Run time

{h) Xyttot | Succinic | taclic | Glycerol | Acetic | EWOH [ HMF | lurural

S-Apr-g6 10.00 549.5

9-Apr-96 18:00 557.5] 1.67 0.00 4.24 4.25 4.80 33.65 0.00 0.00
10-Apr-96 2:15 565.8] 1.78 0.00 3.91 4.34 4.57 33.05 0.00 0.00
10-Apr-86 10:00 573.5]

10-Apr-96 18:20 581.8]

11-Apr-96 2:10 589.7]

11-Apr-96 10:15 597 8]

11-Apr-96 18:15 605.7] 1.65 0.00 2.62 357 3,51 33.11 0.00 0.00
12-Apr-96 2:10 813.7] 167 0.00 2,53 345 3.3 3219 0.00 0.00
12-Apr-96 10.00 621.5 .

12-Apr-96 18:20 629.8f] 1.58 0,00 249 3.35 3.26 32.95 0.00 0.00
13-Apr-96 2:30 638.0] 1862 0.00 299 3.44 3.46 33.48 0.00 0.00
13-Apr-96 10:00 645.5

13-Apr-96 18:00 85350 147 0.00 4.00 3.43 .97 30.29 0.00 0.00
14-Apr-96 2.00 661.5] 1.56 0.00 4.24 3.79 4.17 31.80 0.00 0.00
14-Apr-96 10:00 669.5

14-Apr-96 18.00 677.5] 1.14 0.00 3.44 4.29 3.80 3t.32 0.00 0.00
15-Apr-96 2:00 685.5] 1.21 0.00 3.42 4.80 3.86 30.33 0.00 0.00
15-Apr-96 10:00 693.5

15-Apr-96 18.00 701.5] 0.94 0.00 262 5.40 3.35 3227 0.00 0.00
16-Apr-96 2:00 709.5F  1.11 0.00 266 5.81 3.54 33.09 0.00 0.00
16-Apr-96 10:00 717.5

16-Apr-96 18:00 7255 0.00 239 5.86 349 33.61 0.00 0.00
17-Apr-96 2:00 7335 0.00 220 5.48 331 32.85 0.00 0.00
17-Apr-96 10:00 741.5

17-Apr-96 18:00 749.5 0.00 2.06 471 3.00 34.57 0.00 0.00
18-Apr-96 3.00 758.5 0.00 1.98 4.18 2.80 35,32 0.00 0.00
18-Apr-96 10:00 765.5

18-Apr-96 10:30 766.0

18-Apr-96 18:00 7735] 127 0.00 2.17 3.82 2.86 36.94 0.00 0.00
19-Apr-96 2:00 781.5] 1.29 0.00 2.12 3.46 2.76 37.14 0.00 0.00
19-Apr-96 10:00 788.5

19-Apr-96 18:00 797.5] 1.38 0.00 229 3.01 295 37.87 0.00 0.00
20-Apr-96 2:00 8os.5] 153 0.00 4.28 4.63 5.30 35.53 0.00 0.00
20-Apr-96 10:15 813.8

20-Apr-96 18:00 821.5] 1.53 0.00 2.38 287 3.20 41.15 0.00 0.00
21-Apr-96 2:15 820.7] 1.49 0.00 2.28 270 3.11 42,92 0.00 0.00
21-Apr-96 10:00 837.5

21-Apr-96 18.00 84551 1.42 0.00 2,30 2.57 3.02 4512 0.00 0.00




Run start date 17-Mar-96  Time 12:30 PDU Analytical Results

Run Name: CRADA Task 4 Vessel: V-455A

Run ID#: PS50314CF

Data Tima Aun time o.o. CeollMass  ¥SIGluc YS!EtOH YS!Laclate DCw % Viabilily Enz. Activ. | Digest Contaminalion pH
{h) 600 nm CFUs (o) (gL} (@) _ig) FPUmL Scope | tigud [ Pae Floor | Micro |
22-Apr-96 2:.00 853.5 1.2 45.7 1.06 _ N e ——— 4:85
E— T 22-Apr-96 1000 es1s) 0.86 47.3 1 4.94

22-Apr-96 18:00 869.5 1.28 43.4 0.93 4.78
23-Apr-96 2.00 877.5 0.88 44.8 0.98 4.93
23-Apr-96 10:00 885.5 9.05E+07
23-Apr-96 10:30 886.0 0.72 46.4 0.92 4.91
23-Apr-96 18.00 893.5 1.17 43.95 0.95 4.79
24-Apr-96 2:00 901.5 1.08 36.2 1 4,90
24-Apr-96 10:00 909.5 8.20E+07 1.01 45.75 0.89 5.12
24-Apr-96 18:00 917.5 1.49 45.4 0.93 4.89
25-Apr-96 2:.00 925.5 0.76 49.1 0.97 5.00
25-Apr-96 10:00 933.5 9.60E+07 1.43 459 0.92 5.01
25-Apr-96 18.00 941.5 1.22 40.35 1.08 4.90
26-Apr-96 2:00 249 5 1.22 45 1.17 5.02
26-Apr-96 10:00 957.5] B8.95E+07 1.27 45.1 1.09 5.00
26-Apr-96 18:00 965.5 1.97 446 1.15 4,89
27-Apr-96 2.00 973.5 0.11 a4 1.47 4.95
27-Apr-96 10:15 981.8 1.57 44.8 1.47 4.94
27-Apr-96 18:00 989.5 0.81 42.9 211 4.96
28-Apr-96 2:00 997.5 0.19 41.55 3.05 4.80
28-Apr-96 10:00 1005.5 0.21 42.2 3.87 4,88
28-Apr-96 18.00 1013.5§ 0.21 457 11.5 5.00
29-Apr-96 2:00 1021.5 3.74 40.8 11.8 4.92
29-Apr-96 9:40 1029.2 18.9 34.3 17.1 4.98
29-Apr-96 18,00 1037.5 26.5 25.95 9.33 4.99




Run start date
Run Name: CRADA Task 4

17-Mar-96

Run (D#: PS60314CF
Date Time Aun time Tolal Solids Washed Solids Acid Conc. | Sample Wi. ) HPLC (gL}
{h} cham J§ oventw) I IR(%) | Tos (%) | weightig) ] TS %) oI ) Glucose | Xyloss |  Gal. arab. [ Man. Collo. |
22-Apr-96 2:00 853.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 2.55 24.01 7.10 22.28 0.00 12.38
22-Apr-96 1000 861.5
22-Apr-96 18:00 869.5 0.00% 0.00% 0.00 0.00% ] 0.00% 0.00 3.07 24.81 7.27 22.76 0.00 12.24
23-Apr-96 2:00 877.5) 0.00% 0.00% 0.00 0.00% { 0.00% 0.00 2.87 24.96 7.36 22.85 0.00 12,52
23-Apr-96 10,00 B885.5
23-Apr-96 10:30 886.0
23-Apr-96 18.00 893.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 3.19 24.00 7.21 22.76 0.00 11.89
24-Apr-96 2:00 901.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 2.66 23.12 6.97 22.25 0.00 11.83
24-Apr-96 10.00 909.5
24-Apr-96 18:00 917.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 3.13 23.20 8,93 22.35 0.00 11.78 .
25-Apr-96 2.00 925.5
25-Apr-96 10,00 933.5
25-Apr-96 1800 941.5 0.00% 0.00% 0.00 0.00% 0.00% .00 3.27 21.09 6.69 22.48 0.00 11.42
26-Apr-96 2.00 949.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 2.95 20.82 6.67 2261 0.00 11.56
26-Apr-96 1000 957.5
26-Apr-96 18.00 965.5 0.00% 0.00% 0.00 0.00% 0.00% Q.00 3.36 19.44 6,38 21.94 0.00 11,01
27-Apr-96 2:.00 973.5 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 0.00 18.51 6.16 20.78 0.00 11.21
27-Apr-98 1015 931 8]
27-Apr-96 18:00 989.5| 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 1.95 16.19 564 17.47 ©.00 10.17
28-Apr-96 2:60 007.5] 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 1.17 15.53 5.58 0.65 0.00 10.28
2B-Apr-96 10:00 1005.5]
28-Apr-96 18:00 1013.5 0.00% 0.00% Q.00 0.00% 0.00% .00 1.24 14.03 5.10 8.11 0.00 9.57
29-Apr-96 2:00 10218 0.00% 0.00% 0.00 0.00% | 0.00% 0.00 4.23 14.93 5.16 6.15 0.00 9.69
29-Apr-96 9:40 1029.2 0.00% 0.00% 0.00 0.00% 0.00% 0.00 19.05 20.60 5.75 7.86 0.8% 10.30
29-Apr-96 18:00 1037.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 29,31 24.24 5,01 9.81 1.25 10,60




Run start date
Run Name: CRADA Task 4

17-Mar-96

RuniD#:  P380314CF
Date Time Run time

{h) Xyliol ]| Suecinic | Lactic | Glycorol | Aceic | EOH | HMF | turiural
22-Apr-96____2:00 853.5]—1.54— 000 — -236 — -2-65——— 3134705 ——0.00- — 000 |
22-Apr-96 10:00 861.5
22-Apr-96 18.00 869.5 1.56 0.00 2.26 2.62 314 47.85 0.00 0.00
23-Apr-96 2:00 877.5 1.43 0.00 2.10 2.41 3.06 48.29 0.00 0.00
23-Apr-96 10:00 885.5
23-Apr-96 10:30 886.0
23-Apr-96 18:00 BQS.SI 1.45 0.00 2.28 2.58 3.35 49.01 0.00 0.00
24-Apr-98 2:00 go1.5] 1.35 0.00 2.13 2.47 3.14 48.74 0.00 0.00
24-Apr-96 10:00 909.5]
24-Apr-96 18:00 917.50 1.43 0.00 2.27 2.57 3.33 48.79 0.00 0.00
25-Apr-96 2:00 9255
25-Apr-96 10:00 933.5 :
25-Apr-96 18:00 941.5 1.39 0.00 2.40 2.74 3.34 48.97 0.00 0.00
26-Apr-96 2:00 949.5 1.29 0.00 2.25 2.63 3.25 48.89 0.G0 0.00
26-Apr-96 10:00 957.5
26-Apr-96 18:60 965.50 1.22 0.00 2.38 2.52 3.26 42.76 .00 0.00
27-Apr-96 2:00 973.5) 117 0.00 2.67 2.49 3.43 45.98 (.00 0.0
27-Api-96 10:15 981.8]
27-Apr-96 18:00 989.5) 1.09 0.55 4.28 2.85 447 45.50 0.00 0.00
28-Apr-96 2.00 997.5 1.17 0.70 6.28 2.92 576 45.80 0.60 0.00
28-Apr-96 10:00 1005.5
28-Apr-96 18:00 1013.5) 258 0.86 10.89 3.02 9.24 45.85 0.00 0.00
29-Apr-96 2:00 1021.50 271 0.92 12.63 3.26 10.65 4347 0.00 0.C0
29-Apr-96 9:40 1028.2) 1.68 0.00 13.11 3.25 11.02 38.49 0.00 0.00
29-Apr-96 18:00 1037.5] 1.74 0.00 10.80 2.80 9.07 27.59 0.00 0.00




Run start data 17-Mar-96  Time 12:30 PDU Analytical Results

Run Name: CRADA Task 4 Vessel: V-455B

Run ID#: P980314CF
Cale Time Run lime a.0 CellMass  YSIGluc YSIEtOH YSlLactale pCcw % Viabilily Enz. Acliv. lere Digest Contamination pH

{h) 600 nm CFUs {giL} @y oy {g/L} FPU/mL Scope | Liguid | Plate Floor | Micro |
18-Mar-96 10:00 21.5 1.26E+08 ciean
3/18/96 14:00 25.5 0.711 32.25 1.34 4.94
3/18/96 18.00 29.5 Q0.629 45,25 1.34 5.06
18-Mar-96 18:05 29.583333]

3/19/96 200 37.5] 0.576 42.9 1.32 5.04
3/19/96 10:00 45.5] 1.17E+08 0.54 40.15 1.33 clean 5.02
3/19/86 18.00 53.5| 0.56 44.2 1.34 5.09
3/20/96 2.20 61.833333] .53 41.6 1.3 5.12
3/20/96 7:45 67.25¢ 7.95E407 clean
3/20/96 10:00 69.5: 0.5 41.7 1.25 5.13
3/20/98 18:00 77.5 0.5 44,3 1.24 5.04
3/21/88 2:00 855 0.491 45,15 1.21 5.08
3/21/98 10:00 53.5: 6.95E+07 0.4 43.2 1.16 clean 5.04
3/21/86 18:00 101.5 0.14 38.95 1.16 5.02
3/22/96 2:00 108.5 0.475 298 1.11 5.01
3/22/96 10:00 117.5 6.50E+07 .48 6.6 1.08 clean 5.11
3/22/96 18,00 125.5 0.33 35.5 1.05 4.93
3/23/96 2.00 133.5 .38 39.9 1.08 5.02
3/23/96 10,00 14i.5 0.41 386.7 1.08 4.9
3/23/96 18.00 149.5 0.33 42 1.25 5.02
3/24/96 2.00 157.5 0.33 1.05 5.08
3/24/96 10.00 165.5 0.33 6.4 1.06 5.05
3/24/96 18,00 173.5 0.36 386 1.11 5,10
3/25/96 2.00 181.5 0,39 41.5 1.04 5.04
3/25/88 10.00 189.5| 8,30E+07 0,337 389 1.05 rods 5.05
3/25/36 18:00 197.5 0.43 406 1.05 5.11
3/26/96 2.00 205.5 0.34 385 1.03 5.05
3/26/96 10,00 213.5 6,15E+07 0.69 388 1.12 rods 514
3/26/96 18:00 2215 0.27 40 1.26 5.05
3/27/96 2:00 2295 0.29 vz 1.17 5,15
/2796 10:00 2375 6.75E+07 0.766 38.08 1.32 rods 5.08
3/27/96 18:00 245.5 0.489 37.35 1.35 5.00
3/28/96 2:00 2535 0.435 386 1.37 512
3/28/96 9:00 260.5 6.05E+07 0.46 39.05 1.42 rods 5.09
3/28/96 18:00 2695 0.35 38.3 1.45 5.07
3/29/96 2:00 277.5 0.32 40,9 1.52 516
3/29/96 9:00 2845 6.80E+07 rods
3/29/96 10:00 285.5 0.46 383 1.47 5.10
3/29/96 18:00 293.5 0.37 36,55 1.42 515




Run start data
Run Name: CRADA Task 4

17-Mar-96

Run ID#:.  PS80314CF
Dale Time Run tima Tolal Solids Washed Solids Acid Conc. | Sample Wt HPLC (gl)
{h Chem | oven(%t | IR(%) [ TDS (%) | Weight @] Ts% (%) (@) Glucoss | Xylose | Gah. | Aab_| Wan. | Cello. ]

18-Mar-96 10:00 21.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 3.58 3049 822 27.58 0.00 11.95
318/96—14:00 25:5 o e
3+18/96 18:00 2g.5]

18-Mar-96 18:05 20.583333 0.00% 0.00% 0.00  0.00%| 0.00%| 0.00) 3.56 2B.04 8.07 26.53 0.00 11.12
3/19/96 2:.00 37.5 0.00% 0.00% 0.00 0.00% 0.80% 0.00I .21 26.69 8.19 26.84 0.00 11.31
3/19/96 10:00 455 1
3/19/96 18:00 53.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 2.72 25.05 7.91 25.92 0.00 10.01
3/20/96 2:20 61.833333 0.00% 0.00% 0.0 0.00% 0.00% 0.00] 2.47 24.52 7.37 25.40 0.00 2.7
3/20/96 7.45 67.25
3/20/96 10:00 69.5
3/20/96 18.00 77.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00] 2.87 25.23 7.96 25.77 0.00 9.93
3/21/96 2:00 85.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 2.37 25.27 7.80 25.28 0.00 9.68
3/21/96 10:00 93,5 |
3/21/98 18:00 101.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 2.66 25.42 7.73 24.31 0.00 9.45
3/22/96 2:00 109.53 0.00% 0.00% 0.00 0.00% 0.00% {}.OOI 2.37 26.90 8.12 25.59 0.00 10.03
3/22/98 10:00 117.5 |
3/22/96 18.00 125.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00] 217 25.83 7.61 24.51 0.00 12.03
3/23/96 2:00 133.5] 0.00% G.00% 0.00 0.00% 0.00%)| D.OOI 2.08 25.89 .77 24.74 0.00 11.21
3/23/96 10:00 141.5 0.00% 0.00% 0.00 0.00% 2.00% 0.00I 2.05 25.20 7.69 24.43 0.00 .26
3/23/96 18:00 149.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00] 2.00 25.00 7.81 24.61 0.00 9.17
3/24/96 2:00 157.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00] 1.95 24.62 7.71 24.26 0.00 9.06
3/24/96 10:00 165.5 0.00% 0.00% 0.00 0.00% 0.00%| 0.00' 1.79 23.57 7.58 23.63 0.00 8.08
3/24/96 18:00 173.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 1.92 23.94 7.75 24.06 0.00 8.74
3/25/96 2:.00 181.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00| 1.78 23.38 7.74 23.90 0.00 8.61
3/25/96 10:00 189.5]
3/25/96 18:00 197.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00[ 1.86 22.31 7.63 23.72 0.00 0.00
3/26/96 2:00 2055 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 1.57 21.56 7.23 22.94 .00 0.¢0
3/26/96 10:00 213.5
3/26/96 18.00 221.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00' 2.04 23.53 7.31 24.18 0.00 8.73
3127196 2:00 229.5 0.00% 0.00% 0.C0 0.00% 0.00%; 0,00I 1.76 23.55 7.31 24.28 .00 8.29
3/27/96 10:00 2375
3/27/96 1800 245.5 0.00% 0.00% 0.00 0.00% 0.00% O.DOI 2.23 24.63 7.09 24.30 0.00 8.69
3/28/96 2:00 253.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00| 1.91 25.05 7.03 24.01 0.00 8.91
3/28/96 9:00 260.5
3/28/96 18:00 269.5 0.00% 0.00% 6.00 0.00% 0.00%, 0.00I 1.89 24.71 6.81 22.95 0.00 8.58
3/29/96 2.00 277.5 0.00% 0.00% 0.00  0.00%| 0.00%| ¢.00] 2.27 25.86 7.04 23.63 0.00 9.02
3/29/96 9:00 284.5
3/29/96 10:00 2855
3/29/96 18:00 293.5 0.00% 0.00% 0.00 0.00% 0.00%| 0.00} 2.21 26.78 712 23.89 0.00 9.17




Run start data
Run Name: CRADA Task 4

17-Mar-96

Run ID#:  P960314CF

Dale Timea Aun time
) Xylitol ] Succinic | Lacic ] Glycorol | Acetic | £oH [ HMF | futural

18-Mar-96 $0:00 215 1.46 0.00 2.76 374 375 36.67 0.00 0.00f
3/18/96 14:00 25.5
3/18/96 18:00 29.5

18-Mar-96 18:05 29.583333] 1.58 0.00 2.87 4.34 3.94 38.62 0.00 0.00]
3/19/96 2:00 37.5 1,78 0.00 3.07 4.94 4.16 40.86 0.00 0.00}
3/19/96 10.00 45.5]
3/19/96 18:00 53.5) 0.00 0.00 215 3.73 3.01 0.00 0.00}
3/20/96 2:20  61.833333] 0.00 0.00 2.04 3.60 2.96 0.00 0.00]
3/20/96 7:45 67.25)
3/20/96 10:00 69.5
3/20/96 18:00 77.5) 238 0.00 278 5.07 4.11 41.98 .00 0.00]
3/21/96 2:00 85.5] 1.68 0.00 2.36 4.45 3.74 42.60 0.00 0.00]
3/21/96 10:00 93.5
3/21/96 18:00 1015 0.00 0.00 2.43 482 0.00 0.00]
3/22/96 2:00 109.5 0.00 0.00 2.26 4.41 .00 .00}
3/22/96 10:00 1175 |
3/22/96 18:00 125.5 1.81 0.00 2.64 513 413 40.08 0.00 .00}
3/23/96 2:00 133.5 1.21 0.00 1.69 3.64 312 39.01 0.00 .00}
3/23/96 10.00 141.5] 1.72 0.00 2.38 495 3.96 40.05 0.00 0.00]
3/23/96 18:00 149.5 1.82 0.00 2.43 5.18 4.09 40.58 0.00 .00}
3/24/96 2:00 157.5 1.78 0.00 2.47 5.20 4.12 39.80 0.00 .00}
3/24/96 10.00 1655 .74 .00 3.02 6.08 5.02 39.54 0.00 .00}
3/24/96 18:00 173.5 1.78 0.00 3.04 6.17 5.05 41.58 .00 .00}
3/25/96 2:00 1815 1,85 0.00 0.06 6.28 5.14 42.47 .00 .00]
3/25/96 10:00 189.5]
3/25/96 18:00 197.5 1.59 0.00 2.00 4.61 3.71 41.66 0.00 .00}
3/26/96 2:00 2055 1.45 0.00 1.80 4.19 3.51 40.40 0.00 0.00]
3/26/96 10:00 2135 |
3/26/96 18:00 2215 1.49 0.00 2.05 4.24 3.95 4217 0.00 0.00}
3/27/96 2:00 2295 1.48 0.00 1.98 417 3.97 42,88 0.00 .00}
3/27/96 10:00 237.5 |
3/27/96 18:00 245.5 1.33 0.00 2.19 3.73 4.00 41.74 0.00 0.00}
3/28/96 2:00 253.51 1.59 0.00 2.63 4.25 4.35 41.63 .00 ©.00}
3/28/96 9:00 260.5{
3/28/96 18:00 269.5] 1.76 0.00 3.23 5.03 479 40.66 0.00 .00}
3/29/96 2:00 277.5| 1.49 0.00 2.82 4.29 431 41.99 0.00 0.00]
3/29/96 9:00 284.5
3/29/96 10:00 285.5)
3/29/96 18.00 293.5) 1.42 0.00 2.78 4.30 4.13 39.80 0.00 .00}




Run start data 17-Mar-96  Time 12:30 PDU Analytical Results

Run Name: CRADA Task 4 Vessel: V-4558B
RunID#:  P960314CF

Dals Time Run time o.D CellMass  YS!Gluc YSIEOH YSilactals DCW % Viability Enz. Activ. JEnz. Digest Conlaminalion pH
{h) 600 nm CFYs (o) (g/L} {g/L} {git} FPU/mL Scope { Liquid Plate Floor | Mico |

3/30/96 2:00 301.5 0.44 L S It U SO e — 5.08
3/30/96 10:00 309.5 0.291 38.8 1.37 ) 5.06
3/30/96 18:00 317.5 0.49 37.25 1.35 ) 5.11
3/31/96 2.00 325.5 0.5 35.3 1.31 5.07
3/31/86 10:00 333.5 0.5 41.9 1.27 5.04
31-Mar-96 18:00 3415 .45 355 1.21 5.05
1-Apr-96 2.00 348.5) 0.47 33.7 1.28 5.07
i-Apr-96 10:00 357.5] 5.35E+07 0.46 35.8 1.14 5.04
1-Apr-96 18:00 365.5 0.45 37.25 1.13 5.14
2-Apr-96 2:00 373.5 .37 36.6 1.19 5.05
2-Apr-96 10:00 3815 4.95E+07 0.39 36 1.15 4.99
2-Apr-95 18.00 389.5 045 36.85 1.25 5.01
3-Apr-96 2:00 397.5 0.32 37.5 1.33 5.05
3-Apr-96 10:00 405.5 5.50E+07 .28 33.9 1.39 4,96
3-Apr-96 17:30 413 0.32 36.65 1.64 4,94
4-Apr-96 2:00 421.5 0.38 33 1.93 4,59
4-Apr-96 10.00 429.5 0.23 33.5 2.26 5.64
4-Apr-96 18.00 437.5 0.35 358 3.16 503
5-Apr-96 2:30 446 0.2 33.85 4.01 4.91
5-Apr-96 10:00 453.5 5.60E+07 0.24 33.55 4.84 4.87
5-Apr-96 18:00 461.5 0,37 35.2 5.31 5.08
6-Apr-96 2:.00 469.5 0.43 32.5 5.66 4.83
6-Apr-96 10.00 4775 4.25E+07 0.45 3165 6.56 4.85
B-Apr-96 18:00 485.5 0.573 33.95 6.4 497
7-Apr-96 2:00 493.5 0.579 26.5 6.7 4.86
7-Apr-96 10:00 501.5 0.48 31.3 7.23 4.90
7-Apr-96 18:00 509.5 0.621 35.05 6.42 4.94
8-Apr-96 2:.00 517.5§ 0.505 23.35 6.33 4.82
8-Apr-96 10.00 525.5 5.85E+07 0.44 30.6 6.4 4.91
8-Apr-86 18:00 533.5 0.46 32.1 5.82 4,96
9-Apr-96 2:00 541.5 0.37 327 5.19 4.98
9-Apr-96 10:00 549.5 5.05E+07 0.31 335 521 4,95
9-Apr-96 18:00 557.5] 0.47 34 5.53 498
10-Apr-96 2:15 565.75 0.62 33 3.8 5.01
10-Apr-26 10:0¢ 573.5 5.40E+07 £.46 3295 4.04 4,95
10-Apr-86 18:20 581.83331 0.35 33.23 3.98 5.0t
11-Apr-96 2.10 588.66669| 0.26 335 4.34 5.00
11-Apr-86 10:15 597.75 0.25 33.3 4.27 4,99
11-Apr-96 18:15 605.75| 0.22 348 4.73 4.91




Run start data
Run Name: CRADA Task 4

17-Mar-96

Run ID#:  P960314CF
Dale Time Run time Tolal Solids Washed Solids Acid Conc. | Sampla Wi HPLC {gl)
thy chom | oven) | 1R{%) [ TDS (%) | weight(g] TS (%) (%) __ g Glucoss | Xytoss | Gal. | Arab. | Man. | Cello. |
3/30/96 2:00 301.5] 0.00% 0.00% 000  0.00%| 0.00% 0.00] 2.40 29.34 7.84 2533 0.00 9.94
3/30/96 10:00 3095 0.00% 0.00% 000  0.00%| 0.00% 0.00] 1.99 2817 7.40 24,53 0,00 9.57
3/30/96 18:00 3175 |
3/31/96 2:00 3255 0.00% 0.00% 000  0.00%| ©0.00% 0.00] 2.13 27.18 7.48 24,53 0.00 9.35
3/34/96 10:00 3315
31-Mar-96 18:00 3415 0.00% 0.00% 000  0.00%| ©.00% 0.00] 2.25 27.14 7.21 23.46 0.00 8.91
1-Apr-96 2:00 3495 0.00% 0.00% 000  0.00%| 0.00% 0.00 2.04 27.37 7.55 24.82 0.00 9,52
1-Apr-96 10,00 3575
1-Apr-96 18:00 365.5 0.00% 0.00% 000  0.00%| 0.00% 0.00 2.28 26.50 7.61 24.68 0.00 9.62
2-Apr-96 2.00 3735 0.00% 0.00% 0.00 0.00%| 0.00% 0.60] 2.33 27.36 7.92 25.47 0.00 9.90
2-Apr-96 10.00 3815
2-Apr-96 18:00 389.5 0.00% 0.00% 0.00 0.00%| 0.00% 0.00 2.20 27.11 7.88 25.61 0.00 10.25
3-Apr-96 2:00 397.5] 0.00% 0.00% 0.00  0.00%| 0.00% 0.00] 2.06 27.08 7.95 25.39 0.00 10.35
3-Apr-96 10:00 405.5(
3-Apr-96 17:30 4131 0.00% 0.00% 0.00 0.00%] 0.00% 0.00{ 1.94 26.56 7.77 22.36 0.00 9,99
4-Apr-96 2:00 421.5] 0.00% 0.00% 0.00  0.00%! 0.00% 0.00] .92 26.55 7.83 21.63 0.00 10.23
4-Apr-96 10:00 429.5] -
4-Apr-96 18:00 437.5] 0.00% 0.00% 0.00 0.00%} 0.00% 0.00] 1.96 24.49 7.25 17.55 0.00 0.00
5-Apr-96 2:30 446] 0.00% 0.00% 000  0.00%] 0.00% 0.00] 2.02 24.55 7.22 16.29 0.00 10.61
5-Apr-96 10.00 453 51
5-Apr-96 18:00 461.5] 0.00% 0.00% 000  0.00%| 0.00% 0.00] 2.11 23.83 6.95 13.31 0.00 10.55
6-Apr-96 2:00 469.5 0.00% 0.00% 000  0.00%| 0.00% ¢.00] 2.00 23.69 6.79 12.24 0.00 10.54
6-Apr-96 10:00 477.5
6-Apr-96 18:00 485.5 0.00% 0.00% 000  0.00%] 0.00% 0.00] 2,32 24.09 6.94 11.12 0.00 10.35
7-Apr-95 2:00 493 5] 0.00% 0.00% 000  0.00%| 0.00% 0.00] 2.44 24 57 7.02 10.50 0,00 10.78
7-Apr-96 10:00 501.5
7-Apr-96 18:00 509.5 0.00% 0.00% 000  0.00%| 0.00% .00 2.25 24.96 7.06 11.41 0.00 10.34
8-Apr-96 2:00 517.5 0.00% 0.00% 000  0.00%| 0.00% .00} 2.15 24.63 6.89 11.46 0.00 10.36
8-Apr-96 10:00 525.5)
8-Apr-96 18:00 533.5 0.00% 0.00% 000  0.00%| 0.00% 0.00f 217 24.78 7.01 13.37 0.00 10.05
9-Apr-96 2:00 541.5)
9-Apr-86 10:.00 549.5
9-Apr-96 18:00 557.5 0.00% 0.00% 000  0.00%| 0.00% 0.00 2.03 26.03 6.98 16.40 0.00 10.65
10-Apr-96 2:15 565.75 0.00% 0.00% 000  0.00%| ©.00% 0.00 2.73 27.34 7.34 17.90 0.00 10.76
10-Apr-96 10:00 5735
10-Apr-96 18:20 581.83331
11-Apr-96 "2:10 58966669
11-Apr-96 10:15 597.75
11-Apr-96 18:15 605.75 0.00% 0.00% 000  0.00%] 0.00% 0.00] 1.99 25.92 7.37 14,52 0.00 10.11




Run start data 17-Mar-96
Run Name: CRADA Task 4
Run ID#:  P960314CF
Date Tima Aun lime
it Xyliol | Succinic | Lacic | Glycerol | Acetic | EtOH | ovMF | wrivml
3/30/96 2:00 301.5 1.48 0.00 2.70 468 417 3971 000 o0.00]
3/30/96 10:00 309.5 1.31 0.00 2.55 4.20 3.92 38.45 0.00 ¢.00]
3/30/96 18:00 317.5 |
3/31/96 2:00 3255 1.68 0.00 2.96 5.35 4.50 38.62 0.00 0.00]
3/31/96 10:00 3335 |
31-Mar-96 18:00 341.5 1.50 0.00 2.78 4.59 4.24 39.78 0.00 0.00]
1-Apr-96 2:00 349.5] 1.43 2.49 2.49 4.77 4.08 3g.83 0.00 0.cq]
1-Apr-86 10:00 357.51 I
1-Apr-96 18:00 365.5) 1.61 0.00 285 5.40 4.51 37.57 0.00 0.00]
2-Apr-96 2:00 3735 1.29 242 4.71 4.08 4.08 37.39 0.00 0.00]
2-Apr-96 10:00 381.5 B
2-Apr-96 18:00 389.5§ 1.50 0.00 2.99 5.31 4.77 36.52 0.00 0.00]
3-Apr-96 2:.00 397.5 1.22 0.00 2.71 4.52 4.38 36.57 0.00 0.00]
3-Apr-96 10:00 405.5] N
3-Apr-96 17:30 413§ 1.23 0.00 3.58 4.52 4.87 36.23 0.00 ¢.00]
4-Apr-96 2:00 421.5 1.17 0.00 4.34 4.37 5.22 35.42 0.00 0.00]
4-Apr-95 10.00 429.5
4-Apr-96 18:00 437.5 1.51 0.00 8.70 5.12 8.45 35.81 0.00 0.00]
5-Apr-06 2:30 446 0.79 0.00 8.95 3.32 7.74 35.26 0.00 0.00
5-Apr-96 10:00 453 5] -
5-Apr-96 18:00 461.5 1.75 0.00 12.98 5.33 11.00° 3540 0.00 0.00)
6-Apr-96 2:00 469.5 1.60 0.00 13.76 5.14 11.18 34.63 0.00 0.00]
6-Apr-96 10:00 477 .54
6-Apr-06 18:.00 485.5) 1.49 0.00 1537 5.39 11.86 31,69 0.00 0.00]
7-Apr-96 2:00 493.5 1.55 0.00 15.61 5.61 11.96 31.45 0.00 0.00f
7-Apr-96 10:00 501.5]
7-Apr-96 18:00 509.54 1.50 0.00 14.99 5.74 11.52 3275 0.00 0.00]
8-Apr-96 2:00 517 5] 1.41 0.00 14.23 5.55 10.99 32.76 0.00 0.00]
8-Apr-96 10:00 525.5)
8-Apr-06 18:00 533.5] 1.60 0.00 13.10 5.69 10.42 34.09 0.00 0.00]
9-Apr-96 2:00 541.5]
9-Apr-96 10:00 549.5]
9-Apr-96 18:00 - 5575) 1.54 0.00 10.13 5.09 8.59 35.31 0.00 .00
10-Apr-96 2:15 565.75 1.60 0.00 8.57 4.87 7.46 3547 0.00 0.00)
10-Apr-96 10:00 573.5
10-Apr-96 18:20 581.83331
11-Apr-96 2:10 589.66669
11-Apr-96 10:15 597.75
11-Apr-96 18:15 605.75 1.60 0.00 10.18 4.61 8.86 35.62 0.00 0.00}




Run start data 17-Mar-96  Time  12:30 PDU Analytical Results

Run Name: CRADA Task 4 Vessel: V-455B
Run 1D#: P960314CF

Date Tima Run time o.D. CellMass  ¥SiGluc YSIEtOH YS! lLaciale DCW % Yiabilily Enz. Acliv. JEuz. Digest Conlamination pH
thy 600 nm CFUs _ig) L (o) g FPUML Scops | Liqud | Plate Floor | Micro |

12-Apr-96 2:10 613.56687 0.28 331 4.82 5.02
12-Apr-96 10:00 621.5 0.19 29.45 4.94 4.88
12-Apr-96 18:20 628.83333] 0.15 34.8 5.62 4.88
13-Apr-96 2:30 638] 0.15 343 5.52 5.03
13-Apr-96 10,00 645.5 0.12 305 6.38 4.84
13-Apr-96 18.00 653.5 0.13 34.4 8 4.95
14-Apr-96 2:.00 661.5 0.2 36.5 7.62 5.06
14-Apr-96 10:.00 669.5 0.2 32.15 8.01 4.79
14-Apr-96 18.00 677.5 0.2 31.7 9.74 . 4.95
15-Apr-96 2:00 685.5 0.7 34.2 4.81 5.10
15-Apr-86 10:00 683.5 8.05E+07 031 25.3 4.35 4.88
15-Apr-86 18:00 701.5 .18 32.5 3.97 4.78
16-Apr-95 2:00 709.5 0.16 31.8 3.67 4.84
16-Apr-86 §0:00 717.5 1.05E+08 0.1 31.36 3.08 4.78
16-Apr-86 18:00 725.5 017 32.75 2.79 4.90
17-Apr-86 2:00 733.5 0.0t 33.1 2.42 : 4.91
17-Apr-96 10:00 741.5 0.13 3285 2.11 4.92
17-Apr-96 18:00 749.5 0.13 34.3 1.85 4.95
18-Apr-96 3:.00 758.5 0.07 345 1.62 4.94
18-Apr-96 10:00 7B5.5 3.80E+07

18-Apr-86 10:30 766 0.22 38.05 1.09 7.11
18-Apr-86 18:00 773.5 0.32 346 4.99
19-Apr-86 2:00 781.5 0.15 34.5 5.07
19-Apr-86 10:00 789.5 0.1 35.85 1.28 5.02
18-Apr-96 18:00 797.5 0.1 3456 13 5.02
20-Apr-96 2:00 805.5 0.1 36.8 t17 4.98
20-Apr-96 10:15 813.75 0.1 38.4 1.15 4.98
20-Apr-86 18:00 821.5 0.12 37.65 1.1 4.90
21-Apr-96 2:15 829.75 0.1 39 1.06 5.06
21-Apr-96 10:00 837.5 0.13 41.9 1.04 5.06
21-Apr-96 18.00 8455 0.11 40.6 1.04 4.85
22-Apr-98 2.00 853.5 013 43.4 11 5.04
22-Apr-88 10:00 861.5 0.12 46 1.04 5.03
22-Apr-96 18:00 869.5 015 43.3 1.01 4.89
23-Apr-96 2:00 877.5 0.18 46.2 1.12 4.99
23-Apr-96 10:00 885.5 1.30E+08

23-Apr-96 10.30 886 017 46.6 0.97 5.05
23-Apr-96 18:00 8935 017 43.9 0.96 4.85
24-Apr-96 2:00 901.5 0.15 487 1.03 4.96




Run start data 17-Mar-26

Run Name: CRADA Task 4
Run tD#:.  P9B0314CF

Date Time Aun time Total Sclids Washed Solids Acid Conc. | Sample Wi, HPLC (gt}
{h) chem [ oven(w) | IR (%) | TDs (%) | weigh @l TS (%) ta) Glucose | Xylose | Gal. | Arab. | Man. | Celo.

12-Apr-96 210 613.66667 0.00% _000%] 000  Q.00%] 0.00%] . _0.00). - 207 _25.67 7:26—15.45 000 —1068
12-Apr-96 10:00 621.5)
12-Apr-96 18:2¢ 629.83333] 0.00% 0.00% 0.00 0.00% 0.00% D.OOI 1.54 23.49 6.73 12.85 0.00 11.07
13-Apr-96 2:30 638' 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 1.51 23.17 6.85 11,34 0.00 11.00
13-Apr-96 10:00 645.5]
13-Apr-98 18:00 653.5 0.00% 0.00% 0.00 0.00% 0.00%)| 0.00' 2.01 23.88 7.47 B.16 0.00 9.85
14-Apr-86 2.00 6615 0.00% 0.00% Q.00 0.00% 0.00% 0.00' 1.78 22.92 7.09 6.37 0.00 9.43
14-Apr-96 10:00 669.5
14-Apr-96 18:00 677.5 0.00% 0.00% 0.00 0.00% 0.00%,| 0.00' 1.65 21.32 6.47 3.24 .00 8.65
15-Apr-96 2:00 685.5 0.00% 0.00% 0.00 0.00% 0.00% O.UOI 2.08 18.12 5,73 11.14 0.00 8.52
15-Apr-86 10:00 693.5 {
15-Apr-86 18:00 701.5 0.00% 0.00% 0.00 0.00% 0.00% 0.0UI 1.24 16.88 557 13.06 0.00 9.42
16-Apr-96 2:00 709.5 0.00% 0.00% 0.00 0.00% 0.00%| 0.00' 1.13 16.53 5.45 13.87 0.00 9.47
16-Apr-96 10:00 717.5
16-Apr-86 18:00 725.5 0.00% 0.00% 0.00 0.00% 0.00%,| 0.00' 1.17 16.09 5.57 15.07 0.00 9.21
17-Apr-96 2:00 733.5] 0.00% 0.00% 000 0.00%| 0.00% 0.00{ 1.11 16.68 5.69 15.89 0.00 9.39
17-Apr-96 10:00 7415 |
17-Apr-96 18.00 749.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00' 1.12 17.28 5,86 16.41 0.00 9.68
18-Apr-96 3:.00 758.5 0.00% 0.00% 0.00 0.00% 0.00%,| 0.00 0.00 17.10 5.84 16.47 .00 9.64
18-Apr-S6 10:.00 765.5
18-Apr-96 10:30 766 .
18-Apr-96 18:00 773.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.62 16.54 5,83 17.80 0.00 9.30
19-Apr-96 2:00 781.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00' 1.18 17.49 6.05 18.55 .00 9.88
19-Apr-96 10:00 789.5 |
19-Apr-S6 1800 797.5 0.00% 0.00% 0.00 0.00% 0.00%,| 0.00] 1.07 17.33 5.86 18.40 0.00 5.34
20-Apr-96 2:00 805.5 0.00% 0.00% 0.00 0.00% 0.00%)| 0.00! 1.09 18.15 6.09 19.18 0.00 10.42
2C-Apr-95 10:15 813.75
20-Apr-96 18:00 821.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 1.34 19.52 6.54 20.29 Q.00 10.84
21-Apr-96 2:15 829.75 0.00% 0.00% Q.00 0.00% 0.00% 0.00' 1.39 19.74 6.54 20.23 0.00 11.06
21-Apr-96 __ 10:00 837.5
21-Apr-96 18:00 845.5( 0.00% 0.00% 000  0.00%] 0.00% 0.00) 0.65 20.13 6.74 20.69 0.00 11.41
22-Apr-S6 2:.00 853.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 1.22 20.29 6.82 20.84 0.00 11.62
22-Apr-96 10.00 861.5
22-Apr-96 18:00 8695 0.00% 0.00% 0.00 0.00% 0.00% 0.00| 1.51 21.10 7.06 21.29 0.00 11.64
23-Apr-96 2:00 877.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00] 1.44 21.61 7.15 21.47 0.00 11.88
23-Apr-96 10:00 885.5
23-Apr-96 10:30 886
23-Apr-96 18:00 8935 0.00% 0.00% 0.00 0.00% 0.00%) 0.00] 1.44 21.02 6.95 21.25 0.00 11.22
24-Apr-96 2:00 901.5, 0.00% 0.00% .00 0.00% 0.00% 0.00' 1.34 21.52 7.08 21.49 0.00 11.56




Run start data
Run Name: CHRADA Task 4

17-Mar-96

Run ID#:  P960314CF
Dale Tims Run time
th} Xylol | Succinic | Laclic | Glycorol | Aceic | EIOH | HMF | fudomal
12-Apr-98 2:10 613.66667, 1.56 0.00 9.50 4,30 8.30 34.33 0.00 0.00
12-Apr-96 10:00 621.5
12-Apr-96 18:20 629.83333 1.74 £.00 11.71 4.70 10.05 35.20 0.00 0.00
13-Apr-96 2:30 638 1.77 0.00 12.84 4.75 10,95 34.96 0.00 0.00§
13-Apr-95 10:00 6455 |
13-Apr-96 18.00 653.5 1.93 0.00 15.25 5.09 12.98 33.77 0.00 0.00
14-Apr-98 2.00 661.5 1.77 0.00 15.68 4.90 13.34 32.04 0.00 0.00
14-Apr-86 10:00 669.5 )
14-Apr-96 18,00 677.5 1.70 0.00 18.63 5.34 16.15 34.61 0.00 0.00]
15-Apr-96 200 6855 1.32 0.00 235 9,95 8.72 32.99 0.00 D‘OOI
15-Apr-96 __ 10:00 693.5
15-Apr-96 18:00 701.5 1.10 0.00 7.48 4,95 7.70 33.25 0.00 0.00
16-Apr-96 2.00 709.5 1.07 0.00 6.59 5.06 7.20 33.26 0.00 0.00
16-Apr-96 10.00 717.5
16-Apr-86 18,00 7255 1.02 0.00 4,97 5.19 5.98 33.39 0.00 0.004
17-Apr-98 2.00 733.5 1.04 0.00 4.32 5.29 547 33.76 0.00 D‘OOI
17-Apr-86 10.00 741.5
17-Apr-88 1800 7435 1.04 0.00 3.38 5.09 463 3472 0.00 0.00]
18-Apr-96 300 758.5] 0,98 0.00 2.86 4.62 4.09 34.83 0.00 0.00}
18-Apr-96 1000 765.5]
18-Apr-96 10:30 766
18-Apr-96 18.00 773.5 1.44 0.00 4,09 4.40 4.19 35.12 0.00 0.000
19-Apr-96 2:.00 781.5 1.38 .00 357 4.12 3.84 35.97 0.00 0.00'
19-Apr-96 10:00 7895 ]
19-Apr-96 18.00 797.5 1.39 0.00 2.92 3.57 3.38 36.82 0.00 0.0UI
20-Apr-96 2:00 805.5 1.50 0.00 2.6% 337 3.26 37.96 0.00 0.00]
20-Apr-96 10:15 813.75
20-Apr-96 18.00 821.5 1.44 0.00 2.50 3.10 3.17 38.15 0.00 0.00
21-Apr-96 215 829,75 1.52 0.00 2.46 3.03 3.21 40.69 0.00 0.00]
21-Apr-96 10:00 837.5
21-Apr-86 18:00 8455 1.54 0.00 2.36 2.80 3.19 43.23 0.00 0.00]
22-Apr-96 2:00 853 5 1.55 0.00 2.33 2.85 3.17 44,81 0.00 0.00]
22-Apr-98 __ 10:00 861.5
22-Apr-96 18:00 869.5 1.55 0.00 2.13 2.54 2.99 46.66 £.00 O‘OOI
23-Apr-96 2:00 877.5 1.56 0.00 2.14 2.58 3.05 47.34 0.00 c.00]
23-Apr-96 10.00 885.5
23-Apr-96 10:30 886
23-Apr-96 18:00 883.5 160 000 206 246 3.07 49.41 0.00 0.00
24-Apr-96 2:00 901.5 151 000 206 245 3.15 4913 0.00 0.00




Run start data 17-Mar-96  Time 12:30 PDU Analytical Results

Run Name: CRADA Task 4 Vessel: V-455B

RuniD#  P960314CF

Date Time Run time C.D. CellMass  YSIGluic  YSIEtOH YSilactale DCW % Viabilily Enz, Activ. pH
{h) 600 nm CFUs (o) o) fg/L) {g'L) FPUsmL Micro |

24-Apr-96 10:00 909.5 1.36E+08 014 456 096 5.19
24-Apr96 ___ 18:00 917.5] 022 4525 0.93 4.89
25-Apr-96 2:00 9255 0.18 49.9 1.03 5.04
25-Apr-96 _ 10:00 9335 1.17E+08 0.16 468 0.91 4.97
25-Apr-96  18:00 941.5 0.25 46.6 1.09 4.79
26-Apr-96 2:00 949.5 0.14 50.5 1.3 5.02
26-Apr-96___ 10:00 957.5 8.68E+07 0.34 4656 1.2 4.94
26-Apr-96___ 18:00 965.5] 0.33 48.4 1.36 5.00
27-Api-96 2:00 973.5 0,21 48.2 2.06 4.95
27-Apr-96 ___ 10.15 981.75] 0.2 46.8 2.13 4.85
27-Apr96 _ 18:00 989.5 0.22 46 2.66 5.00
28-Apr-96 2:00 997.5 0.6 46.45 3.28 4.79
28-Apr-96  10:00 1005.5 0.18 467 3.73 4.88
28-Apr-96 _ 18:00 1013.5) 0.18 48 9.89 4.99
29-Apr-95 2:00 1021.5) 0.23 463 10.9 4.84
29-Apr-96 9:40  1020.1667 1.44 451 17.2 4.82
29-Apr-96 18:00 1037.5] 5.59 42.1 11 4.93




Run start data
Run Name: CRADA Task 4

17-Mar-96

I'

Run ID#  P960314CF
Date Tima Run tima Total Solids Washed Solids Acid Conc. | Sampla WL HPLG gL
thy chem | oven(%) | IR ] TOS (%) | weightig) [ s (% (%) {g) Giucose | Xyless |  Gal. Arab. Man. | Cel'li._}_l
24-Apr-96 10:00 908.5
24-Apr-96 18:00 917.5 0.00% 0.00% 0.00  0.00%] 0.00% ©.00] 1.41 21.16 6.94 21.26 0.00 11.27
25-Apr-96 2:.00 925.5
25-Apr-96 1000 933.5
25-Apr-96 18:00 941.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00]- 1.42 21.70 7.16 21,99 0.00 11.71
26-Apr-96 2.00 849.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I . $.33 21.20 7.07 21.81 0.00 11.70
26-Apr-96 1000 8957.5
26-Apr-96 18:00 965.5 0.00% 0.00% 0.00 0.00%]| 0.00% 0.00] 0.00 20.18 6.83 21.13 £.00 11.43
27-Apr-98 2:00 973.5 0.00% 0.00% 0.00  0.00%|  0.00% 0.00] 0.00 19.41 6.68 19.¢1 0.00 11.23
27-Apr-95 10:15 981.75 ' 1
27-Apr-86 18:00 989.5 0.00% 0.00% 0.00  0.00%| 0.00% 0.00} 1.30 18.10 6.55 16.11 0.00 11.10
28-Apr-96 2:00 997.5] 0.00% 0.00% 0.00 0.00%| 0.00% 0.00] 1.20 17.66 6.50 14.24 0.00 10.86
28-Apr-96 10:00 1005.5
2B-Apr-96 18:00 1013.5 0.00% 0.00% 0.00 0.00% 0.00%, 0.00' 1.24 16.33 6.12 B.11 0.00 10.10
29-Apr-96 2.00 1021.5 0.00% 0.00% 0.00 0.00% 0.00%, 0.00' 0.91 15.95 6.02 9.40 0.00 9.94
29-Apr-96 9:40 1029.1667 0.00% 0.00% 0.00  0.00%| 0.00% 0.00]- 2.69 18,71 6.17 8.27 0.0C 10.08
29-Apr-96 18.00 1037.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00' 7.09 18.56 6.33 8.15 0.00 10.40




Run start data

17-Mar-96

Run Name: CRADA Task 4

Run 10#: PS60314CF

Dale Time Run time
{h) Xyliol | Succinic | Lacic | Glycerol | Acetic | EoH T avF | tuima
24-Apr-96 10:00 909.5 ] I
————————— ———24-Apr-96—18:00 g17.5 1.58 0.00 2.11 2.53 3.22 50.50 0.00 0.00]
25-Apr-96 2:00 925.5
25-Apr-96 10:60 933.5
25-Apr-96 18:00 941.5 1,50 0.00 2.16 247 3.24 49.46 0.00 0.00}
26-Apr-95 2:00 949.5 1.52 0.00 255 292 372 5066 0.00 0.00}
26-Apr-96 10:00 957.5 ]
26-Apr-96 18:00 965.5 1.46 0.00 2.86 2.62 3.68 48.52 0.00 0.00f
27-Apr-95 2:00 8735 1.53 0.00 3.50 2.70 416 4985 0.00 0.00]
27-Apr-96 10:15 981.75 |
27-Apr-96 18.00 989.5 1.46 0.69 5.85 289 5.79 40.74 0.00 0.00f
28-Apr-95 2:00 897.5 1.58 0.80 7.50 3.12 7.02 5154 0.00 0.00]
28-Apr-96 10:00 1005.5 I |
26-Apr-96 1800~ 10135 295 0.00 9.82 3.17 8.60 50.75 0.00 0.00]
20-Apr-95 2:00 1021.5) 3.07 1.01 10.87 3.19 9.46 48.80 0.00 0.00]
29-Apr-96 9:40 1029.1667 1.57 1.1 11.75 3.12 10.08 47.13 0.00 0.00]
29-Apr-96 18:00 1037.5 1.61 1.06 12.61 3.27 10.78 44,58 0.00 0.00]




Run start date 17-Mar-96  Time 12:30 PDU Analytical Results

Run Name: CRADA Task 4 Vessel: V-455C
Run |D#: P980314CF

Dale Time Run time oD CellMass  ¥SiGluc YSIEtOH YS|Lactate DCW % Viabily Enz. Acliv. len:z. Digest Conlamination pH
th) 600 nm CFUs (gL} gy {g/L) {aiL) FPUimL Scope | Liguid | Plae Floor | Micrs |

3/19/96 18:00 53.5 0.52 42.9 1.34 5.10
3/20/98 2:20 6183333333 0.44 431 1.3 5.03
3/20/98 7:45 87.25 1.03E+08 clean

3/20/96 1000 69.5 0.43 42.55 1.32 5.04
3/20/96 18:00 77.5 037 45.6 1.3 5.01
3/21/96 2:00 85.5 0.358 49.1 1.28 5.05
3/21/96 10:00 93.5 1.03E+08 0.28 43.5 1.23 clean 499
3/21/96 1800 101.5 0.16 41.5 1.23 5.01
3/22/96 2:00 109.5 0.328 43.25 1.19 4.96
3/22/96 10:00 117.5 8.55E+07 0.35 411 1.18 clean 5.07
3/22/96 18:00 125.5 0.27 39.4 1.18 4.88
3/23/96 2:00 133.5 0.38 43.5 1.18 5.01
3/23/86 10.00 141.5 042 38.9 117 490
3/23/98 18:00 149.5 0.35 436 1.17 4.90
3/24/96 2:00 $57.5 0.36 1.13 4.96
3/24/96 10:00 185.5 0.34 38.2 1.11 4.91
3/24/96 18:00 173.5 0.29 38.8 1.09 492
3/25/96 2:00 181.5 04 42.6 1.11 4.88
3/25/96 10:00 189.5 7.10E+07 0.39 391 1.08 rods 494
3/25/96 18:00 197.5 045 39.7 1.1 4.91
3/26/96 2:00 205.5 0.49 41.3 1.12 485
3/26/96 10:00 2135 5.80E+07 0.83 3 1.14 rods 5.05
3/26/96 18:00 221.5 0.34 40.8 1.1 4.86
3/27/96 2:00 228.5 0.41 38.1 1.1 4.85
3/27/96 10.00 237.5 5.35E+07 0.448 38.85 1.15 rods 4.94
3/27/386 18:00 245.5 0.386 37.35 1.16 4.91
3/28/96 2:00 253.5 0.33 375 §.21 4.99
3/28/96 9:00 260.5 5.80E+07 0.36 38.8 1.21 rods 4.99
3/28/986 18:00 269.5 0.3 38.2 1.24 501
3/29/96 2.00 2775 0.29 38.7 1.33 5.04
3/29/96 9:00 284.5 4.95E+07 rods

3/29/96 10:00 285.5 0.28 394 1.31 5.03
3/28/96 18:00 283.5 0.23 378 1.3t 4.94
3/30/96 2:.00 301.5 0.27 3.4 1.34 501
3/30/96 10,00 309.5 0214 39.5 1.3% 5.05
3/30/96 18:00 317.5 03 36.9 1.34 5.10
3/31/86 2:.00 3255 0.28 36.9 1.33 5.11
3/31/96 10:00 3335 0.32 3B.45 1.35 5.07
3/31/96 18:00 341.5 0.28 36.65 1.29 5.10




Run start date

17-Mar-96

Run Name: CRADA Task 4

Run ID# P960314CF

Date Time Aun lims Total Solids Washed Solids Acid Conc. | Sample Wi HPLC {ga}
(h) Ctem_ | Oven(s) | R (%) | TDS (%) | Weighig)] 1s (%) (%) ta) Glucose | Xylssa | Gal | Awb. [ Man T “cello. |

3/19/96 18:00 53.5 0.00% 0.00% .00 0.00% 0.00% 0QO0fF 264 2397 776 2536— 000 9:62
3/20/96—2:20-61.83333333———— 000% ~ — T 000%| o000 0.00% 0.00%| 0.00, 2.48 22.98 7.91 25.40 0.00 9.32
3/20/96 7.45 67.25
3/20/96 10:00 89.5
3/20/96 18.00 77.5 0.00% 0.00% 0.00 0.00% 0.00%, ¢.oof 2.66 22.00 7.97 25.34 0.00 207
3/21/96 2:60 85.5 0.00% 0.00% 0.00 0.00% G.00% 0.00] 2.31 22.01 7.95 25.23 0.00 9.05
%21/96 __ 10:00 93.5 i
3/21/96 18:00 101.5] 0.00% 0.00% 0.00 0.00% 0.00% 0.00 2.52 23.08 8.25 25.28 0.00 8.78
3/22/96 2:.00 109.5| 0.00% 0.00% 0.00 0.00% 0.00%,| 0.00)] 2.19 22.72 8.04 24.66 0.00 8.44
3/22/96 10.00 117.5) .
3/22/96 18:00 125.5 0.00% 3.00% 0.00 0.00% 0.00% 0.00 2.28 23.23 7.91 24.32 1.03 10.04
3/23/96 2.00 133.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00] 2.19 23.06 7.91 24.22 0.00 9.89
3/23/96 10:00 141.5| 0.00% 0.00% 0.00 0.00% 0.00%, 0.00' 2.26 23.36 8.12 24.69 0.00 8.13
3/23/96 18:00 148.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00' 2.36 24.27 8.54 25.74 0.00 8.51
3/24/96 2:00 157.5 0.00% 0.00% 000  0.00%| 0.00% 0.00] 2.16 23.91 8.24 24.98 0.00 8.23
3/24/96 10.00 165.5| 0.00% 0.00%% .00 0.00% 0.00%) O‘OU] 2.11 23.13 8.06 24.40 0.00 6.34
3/24/96 18:00 173.5 0.00% 0.00% 0.00 0.00% 0.00% 0.0UI 2.16 23.98 8.32 25.13 0.00 7.60
3/25/96 2:.00 181.5 0.00% 0.00% 0.00 0.00% 0.00% O‘O(Jl 2.01 22.88 7.9 24.15 0.00 7.40
3/25/96 10:00 189.5 |
3/25/96 18:00 197.5| 0.00% 3.00% 0.00 0.00% 0.00% 0.00] 2.08 23.10 8.04 24.87 0.00 0.00
3/26/96 2:00 205.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 2.01 22.87 8.02 24.68 0.00 0.00
3/26/96 10:00 213.5
3/26/96 18.00 221.5 0.00% £.00% 0.00 0.00% 0.00% 0.00] 2.18 23.12 7.95 24.50 0.00 7.59
3/27/96 2:.00 229.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.97 23.04 7.92 24.25 0.00 7.38
3/27/96 10:00 237.5
327/96 18:00 245.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.84 22.28 7.26 23.19 0.00 6.55
3/28/96 2:00 253.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00} 1.81 23.64 7.58 24.20 0.00 7.30
3/28/96 2:00 260.5
3/28/96 18:.00 269.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.89 23.54 7.31 23.61 0.00 767
3/29/96 2:00 277.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.87 23.68 7.22 23.45 0.00 7.78
3/28/96 9.00 284.5
3/29/96 10:00 2855
3/29/96 18:00 293.5 0.00% 3.00% 0.00 0.00% 0.00% 0.00 1.99 24,61 7.29 23.80 0.00 8.15
3/30/96 2:.00 301.5 0.00% 0.00% 0.00 0.00% 0.00% 0.000 1.94 25.30 7.36 24.05 0.00 8.44
3/30/96 10:00 309.5 0.00% 0.00% 0.00 0.00% 0.00%, 0.00] 1.81 25.43 7.32 23.92 0.00 B39
3/30/96 18:00 317.5 0.00% £.00% 0.00 0.00% 0.00% 0.00 2.21 25.40 7.39 23.67 0.00 8.29
3/31/96 2.00 325.5 0.00% 0.00% 0.00 0.00% 0.00% 0.0C 1.86 25.98 7.49 24.19 0.00 8.51
3/31/96 10:00 333.5
3/31/96 18:00 341.5




Run start date 17-Mar-96
Run Name: CRADA Task 4
Run ID#: P960314CF
Date Tima Aun tims GC Acid Sol. Lignir
ih) ylitol | Succinic | Lacic | Glycerot | Acslic [ rurtural {  Ethanot {grL)
3/19/96 18:00 53.5] 0.00 0.00 2.16 3.80 0.00 0.00] 0.00] 0.00
3/20/96 2:20 61.83333333] 0.00 0.00 205 3.72 0.00 0.00] ©0.00] 0.00
3/20/96 7:45 67.25
3/20/96 10:00 69.5
3/20/96 18:00 77.5 1.74 0.00 1.85 352 3.12 44.34 0.00 0.00 0.00] 0.00
321/96 2:00 85.5 1.89 0.00 2.00 385 3.35 45,22 0.00 0.00 0.00] 0.00
3/21/96 10:00 935
2/21/96 18:00 101.5 0.00 0.00 2.49 4.66 0.0C 0.00] 0.00] 0.00
3/22/96 2:00 109.5] 0.00 0.00 2.31 4.38 0.00 0.00] 0.00} 0.00
3/22/96 10:00 1175 |
3/22/96 18:00 1255 1.34 0.00 1.80 362 3.44 43.34 0.00 0.00 0.00] 0.00
3/23/96 2:00 1335 1.51 0.00 2.03 4.03 3.79 42.02 0.00 0.00 0.00] 0.00
3/23/96 10:00 141.5] 1.91 0.00 2.58 5.08 4.55 42.67 0.00 0.00 0.00] 0.00
3/23198 18:00 149.5 1.88 0.00 2.54 5.05 467 42.82 0.00 0.00 0.00] 0.00
3/24/38 2:00 157.5 193 0.00 2.57 5.18 4.71 42.49 0.0 0.004 0.cof 0.00
3/24/98 10:00 165.5 1.90 0.00 3.17 6.09 5.68 43.64 0.00 0.00f 0.00} 0.00
3/24/96 18:00 173.5 1.94 0.00 3.16 6.12 579 43.04 0.00 0.00} 0.004 £.00
3/25/96 2:00 181.5 1.93 0.00 3.12 6.11 5.84 42,94 0.00 0.00 0.00] 0.00
3/25/96 10:00 189.5
3/25/96 18:00 197.5 2.03 0.00 2.63 5.33 5.21 41.96 0.00 0.00 0.00] 0.00
3/26/96 2:00 205.5 1.74 0.00 2.10 4,52 4,72 40.94 0.00 0.00 0.00] 0.00
3/26/96 10:00 2135
3/26/86 18:00 221.5 2.08 0.00 2.66 5.55 5.33 43.15 0.00 0.00 0.00] 0.00
3/27/96 2:00 229.5 1.78 0.00 2.10 4.67 4.82 42.67 0.00 0.00 0.00] 0.00
3/27/96 10:00 237.5
3/27/96 18:00 245.5 1,59 0.00 2,02 4.24 4,50 40.70 0.00 0.00 2.00] 0.00
3/28/96 2:00 253.5 1.74 0.00 2.37 4,70 483 41.14 0.00 .00 0.00] 0.00
3/28/96 2.00 260.5 H
3/28/96 18:00 269.5 1.57 0.00 2.29 4.31 4,37 40.89 0.00 0.00 0.00] 0.00
3/28/96 2:00 277.5 1.51 0.00 2.33 4.21 4.23 41.72 0.00 0.00 0.00] 0.00
3/29/96 9:00 284.5
3/29/96 10:00 285.5
3/29/96 18:00 293.5 1.88 0.00 3.13 5.32 4.89 41.91 0.00 0.00 0.00f 0.00
3/30/96 2:00 301.5 1.98 0.00 2.38 4.00 3.91 4067 0.00 0.00 0.00] 0.00
3/30/96 10:00 309.5 1,39 0.00 237 3.98 3.87 40.57 0.00 0.00 0.00] 0.00
3/30/96 18:00 317.5] 1.82 0.00 3.05 510 4,55 40.20 0.0 0.00 0.00] 0.00
3/31/96 2:00 3255 1.25 0.00 2.14 3.83 3.58 39.64 0.00 0.00 0.00] 0.00
3/31/96 10:00 3335
3/31/96 18:00 341.5




Run start date 17-Mar-96  Time 12:30 PDU Analytical Resuits
Aun Name: CRADA Task 4 Vessel: V-455C
Run |D#: P960314CF
Dala Time Run tima o.D. CollMass  YSiGluc  YSIEtOH YSiLaclate DCcw % Viability Enz. Activ. #Enz. Digest| Conlamination pH
{h) 600 nm CFUs {ai) fait) (o) {o/L} FPU/mL Scope | Liguid [ Plae Floor | Micro |
4/1/96 2:00 349.5) 0.26 43 138 00 507
4/1/96 1000 357.5 7.55E407 0.27 35.3 1.28 5.07
4/1/96 18:00 365.5) . 0.27 34.05 1.23 5.15
4/2/36 2:00 373.5] 0.31 37.7 1.34 5.05
4/2/96 10:00 381.5 5.00E+07 0.33 36.2 1.26 4,96
4/2/96 18:00 389.5 0.3 38.6 1.48 4.94
4/3/96 2:00 397.5 0.28 389 1.62 4.83
4/3/96 10:00 4055 6.05E407 0.171 339 1.67 4.87
3-Apr-96 10:10 405.6666667,
3-Apr-96 10:20 405.8333333)
4/3/96 17:30 4134 0.2 36.85 1.89 4.92
4/4/96 2:.00 421.5 0.22 33.75 2.68 4.80
4/4/96 10:00 4295 0.26 33.5 3.52 4,91
4/4/98 18:00 437.5 0.22 34.8 4.34 5,04
4/5/96 2:30 446] 0.15 32.6 5.29 4.91
4/5/96 10:00 453.5| 6.40E+07 0.18 337 6.4 4.85
4/5/96 18.00 461.5 0.16 35.15 6.72 5.10
4/6/96 2.00 469.5 0.16 32.4 7.06 4,81
4/6/96 10:00 477.5) B.45E4+07 0.21 30.9 8 4.86
4/6/96 18:00 4B85.5] 0.177 3385 7.58 4.98
4/7/96 2:00 4935 0.163 28.65 7.81 4.84
4/7/96 10.00 50%.5) 0.19 32.55 8.83 4.88
4/7/96 18:00 509.5 0.194 35.4 7.7 4.95
4/8/96 2:.00 517.5 0.171 29.5 7.6 4.91
4/8/96 10:00 525,50 2.90E+07 0.18 30.7 8.74 4.93
4/8/96 18:00 533.5 0.23 31.3 8.78 5.03
4/%/96 2:00 541.5 0.17 31.7 7.69 5.01
4/9/96 10.00 549.5¢8 6.45E+07 0.15 32.4 8.42 4.59
S-Apr-96 18:00 557.5 0.25 32.45 7.2 4,98
10-Apr-86 2:15 565.75 0.25 315 6.82 5.00
10-Apr-96 10:00 573.5 4.30E+07 0.29 31.55 7.3 4.99
10-Apr-96 18:20 581.833313 0.16 33.2 6.43 5.07
11-Apr-96 2:10  5B9.666687 0.16 32.4 7.04 5.08
11-Apr-96 10:15 597.75 0.13 31.3 6.88 5.09
11-Apr-96 18:15 605.75) 0.14 32.85 6.81 4.95
12-Apr-96 2:10 613.6666667 0.17 31.6 7.22 5.02
12-Apr-96 10:00 621.5 0.13 25.4 7.3 5.06
12-Apr-86 18:20 B29.8333333 0.12 32.35 7.52 4.91
13-Apr-96 2.30 638' 0.14 3z 8.2 5.02




Run start date 17-Mar-96
Run Name: CRADA Task 4
Run ID#: P960314CF
Date Time Run time Total Solids Washed Solids Acid Conc. | Sample Wt HPLC {gi)
th chem | oveni%l | IR(%) | TDS (%) [ weigntig) | Ts (%) (%) {a Glucose | Xylose | Gal. | Aab. | Man | Cello. |
4/1/96 2.00 3495 0.00% 0.00% 0.00 0.00% 0.00% 0.00F 1.89 25.95 7.43 23.92 0.00 8.22
4/1/96 10.00 3575
4/1/96 18:00 3655 0.00% 0.00% 0.00  0.00%| 0.00% 0.00 1.89 24.87 7.35 23,52 £.00 8.43
4/2/96 2:00 aras 0.00% 0.00% 000  0.00%| 0.00% 0.00 1.97 25.41 7.56 23.98 0.00 8.76
4/2/96 10:00 381.5
4/2/96 18:00 3B5.5) 0.00% 0.00% 0.00 0.00% 0.00% (.00 1.89 24.86 7.53 23.17 0.00 9.11
4/3/96 2:.00 397.5 0.00% 0.00% 0.00 0.00% 0.00% 0.0DI 1.86 25.47 7.69 23.83 0.00 3.16
4/3/96 1000 405.5] 19.93% 0.00% 9380 22,05% 0.00%)| 297.91' 0.17 23.81 5,32 20.99 0.00 3.15
3-Apr-96 1010 405.6666667 19.29% 0.00% 9420 23.33% 0.00% 302.88] 0.15 24.39 5.73 21.54 0.00 3.21
3-Apr-96 10:20  405.8333333) 19.59% 0.00% 101,90 21.97% 0.00% 334.00 0.17 23.50 5.49 20.96 0.00 3.22
4/3/96 17:30 413] 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.80 25.15 7.54 20.31 0.00 9.28
4/4/96 2:00 421.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.59 24.57 7.32 18.35 0.00 $.29
4/4/96 10:00 429.5
4/4/96 18:00 4375 0.00% 0.00% 0.00  0.00%| 0.00% 0.00] 1.98 23.54 6.98 14.41 0.00 9.5%
4/5/96 2:30 446 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.756 22.93 6.65 12.08 0.00 9.54
4/5/96 10.00 453.5
4/5/96 18:00 461.5 0.00% 0.00% 0.00 0.00%| 0.00% 0.00 1.67 21,82 6.19 8.52 0.00 9.31
4/6/96 2:00 469.5] 0.00% 0.00% 0.00  0.00%| 0.00% 0.00] 1.66 21.92 6.10 7.21 0.00 9.51
4/6/96 10.00 477.5
4/6/96 18.00 485 5] 0.00% 0.00% 0.00 0.00% 0.00% O.GOI 1.72 21.78 5,98 545 0.00 9.34
4/7/96 2.00 4383.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 1.69 22.16 6.09 4.74 0.00 9.46
4/7/98 10:00 501.5
4/7/96 18.00 509.5] 0.00% 0.00% 000  0.00%i 0.00% 0.00} 1.63 22.28 6.11 4.17 0.00 10.17
4/8/96 2:.00 517.5] 0.00% 0.00% 000  000%| 0.00% 0.90] 1.56 22.69 6.18 4.30 0.00 9.86
4/8/96 10:00 525.5]
4/8/96 18.00 533.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.82 2288 6.34 5.25 0.00 9.49
4/9/96 2:00 5415
4/9/86 10:00 549 5, :
9-Apr-96 18:00 5575 0.00% 0.00% 0.00  0.00%| 0.00% 0.00 1.61 23.92 6.42 7.16 0.0C 9.53"
10-Apr-96 215 565.754 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.77 24,79 6.64 9.72 0.00 16.10
10-Apr-96 10:00 573.5]
10-Apr-96 18:20 581.833313]
11-Apr-96 2:10  5B9.666687
11-Apr-96 10:15 597.75
11-Apr-96 18:15 605.75) 0.00% 0.00% 0.00 C.00% 0.00% 0.00]. 1.64 23.96 8.78 7.82 0.00 9.85
12-Apr-96 2:10 613.6666687 0.00% 0.00% 0.00  0.00% 0.00% 0.00 1.59 23.92 6.74 7.34 0.00 9.91
12-Apr-95 10:00 621.5
12-Apr-96 18:20 629.8333333] 0.00% 0.00% 0.00 0.00% 0.00%)| 0.001 1.37 22.24 6,20 4.76 0.00 10.54
13-Apr-96 2:30 638] 0.00% 0.00% 0.00  0.00%| 0.00% 0.00] 1.37 21.75 6.13 2.27 0.89 10.32




Run start date

17-Mar-96

Run Name: CRADA Task 4
Run [D#: P960314CF
Date Tima Aun time ) GC Acid Sel. Lignit
{h) Xyhtol | Succinic | Lactic | Giycerol | _Acelic Il EOH | AMF | tuloa Ethanol {g')

4/1/36 2:00 3495 1,28 0.00 2.19 3.86 385 4062_ _0.00-——0060] —--0.00 0.00
4717961000 3575] I |
4/1/96 18:00 365.5] 1.17 0.00 2.11 3.84 3.65 39.65 0.00 0.00] 0.00] 0.00
4/2/96 2:00 3735 0.00 211 3.73 357 39.00 0.00 0.60] 0.00f 0.00
4/2/96 10:00 381.5 |
412/96 18:00 389.5 1.01 0.00 2.74 3.65 4.28 37.98 0.00 0.00] 0.00] 0.00
4/3/96 2:00 3975 1.03 0.00 2.49 3.72 4.02 38.52 0.00 0.00§ g.00] 0.00
4/3/96 10:00 405.5) 0.00 0.79 4.26 5.02 5.72 37.12 0.00 0.000  36.26 9.48

3-Ape-96 10:10405.6666667] 0.00 0.88 4.39 5.16 6.21 36.63 0.00 ooo] 3687 9.97

3-Apr-96 10:20_405.8333333] 0.00 0.84 4.29 5.18 5.99 38.81 0.00 0.00f  36.25 15.17
4/3/96 17:30 413] 1.27 0.00 4.31 4.27 5.67 37.13 0.00 0.00] 0.00) 0.00
4/4/96 2:00 4215 1.24 0.00 5.96 4.21 6.73 36.04 0.00 0.00} 0.00f 0.00
4/4/36 10:00 429.5
4/4/96 18:00 437.5 1.19 0.00 9.09 4.04 9.26 35.90 0.00 0.00] ©.00] 0.00
4/5/96 2:30 44s] 1.25 0.00 12.00 4.09 10.53 35.45 0.00 0.00] 0.00] 0.00
4/5/96 10:00 453.5] |
4/5/96 18:00 461.5] 2.61 0.00 15.87 5.06 13.40 35.44 0.00 0.00} 0.00f 0.00
4/6/96 2:00 469.5 2.73 0.00 17.05 5.24 14.13 34.93 0.00 0.00 0.00] 0.00
4/6/96 10:00 4775
4/6/96 18:00 48554 2.79 0.00 18.76 5.33 15.04 32.49 0.00 .00, 0.00] 0.00
4/7/96 2:00 493 5] 286 0.00 19.74 5.60 1563 32.25 0.00 0.00 0.60] 0.00
4/7/96 _ 10:00 501.5] |
4/7/96 18:00 500 5] 2.78 0.00 19.89 5.97 15.82 32.64 0.00 0.00 0.00] 0.00
4/8/96 2:.00 517.5] 2,62 0.00 19.47 5.70 15.26 32.01 0.00 0.00{ 0.00] 0.00
4/8/96 10:00 525.5 I I
4/8/96 18:00 5335 263 0.00 19.96 6.29 15.85 32,08 0.00 0.00 0.00 0.00
4/9/96 2:00 541.5] -
4/9/96 10:00 549.5]

9-Apr-96 18:00 557.5) 1.92 0.00 17.86 6.15 14.72 33.52 0.00 0.00] 0.00 .00

10-Apr-96 2:15 565.75 1.79 0.00 15.66 5.70 13.13 34.28 0.00 0.00] 0.00] 0.00

10-Apr-96 10:00 573.5

10-Apr-96 18:20  581.833313|

11-Apr-96 2:10__ 589.666687]

11-Aps-96 10:15 597.75 _

11-Apr-96 18:15 605.75] 1.77 0.00 16.91 533 14.11 33.71 0.00 0.00 0.00 0.00

12-Apr-95 2:10 613.6666667 1.81 0.00 16.86 534 14.27 34.41 0.00 0.00 0.00] 0.00

12-Apr-96 10.00 6215

12-Apr-96 18:20 629.8333333] 295 0.00 19.46 552 16.15 33.82 0.00 0.00] 0.00] 0.60

13-Apr-96 2.30 6ag] 3.22 0.00 20.92 5.60 17.23 33.65 0.00 0.00f 0.00f 0.00




Run start date 17-Mar-96  Time  12:30 PDU Analytical Results

Run Name: CRADA Task 4 Vessel: V-455C
Run ID#  P960314CF

Dale Time Run tima o.0. CollMass  YSIGIluc YSIEtCH YS|Laclate DCw % Viabilily €nz. Acliv. [Enz. Digesl Conlaminalion pH
{h} 600 nm CFUs {g/L) {giL} {o/L) {giL) FPUML Scope | Ligud | Prale Floor I Micro |

13-Apr-96 10.00 £645.5 0.1 31.45 7377 4.87
13-Apr-96 18.00 653.5 0.13 31.6 9.8 5.02
14-Apr-96 2:00 6561.5 0.19 33.9 8.84 5.08
14-Apr-96 10.00 669.5 0.2 27.8 8.47 4.81
14-Apr-96 18:00 677.5 0.14 29 10.05 5.04
15-Apr-96 2:00 685.5 0.15 33.5 737 5.06
15-Apr-86 10:00 693.5 8.70E+07 0.15 25.2 5.89 4.4
15-Apr-86 18:00 701.5 0.16 31.95 5.76 4.89
18-Apr-96 2:00 708.5 0.1 Iy 6.88 4.74
16-Apr-86 10:00 717.5 9.05E+07 0.1 30.4 5.59 4.74
16-Apr-86 18:00 725.5 0.16 31.45 5.2% 4.88
17-Apr-96 2:00 733.5 0.01 318 5.06 4.87
17-Apr-96 10:00 741.5 0.08 3165 4.35 4.8%
17-Apr-96 1800 749.5 0.08 33.2 38 4.92
18-Apr-96 3.00 758.5 0.07 34.7 2.67 4.84
18-Apr-86 10:00 765.5] 9.45E+407

18-Apr-86 10:30 766 0.08 35.7 2.72 5.00
18-Apr-86 18:00 773.5 0.13 33.6 4.89
19-Apr-96 2:00 781.5 012 32.5 502
19-Apr-96 10:00 788.5 0.08 335 2.27 5.01
19-Apr-96 18:00 797.5 0.1 33.7 2.24 4.99
20-Apr-96 2:00 805 5 0.1 331 1.93 4.9
20-Apr-96 10:15 813.75 0.c8 3525 1.78 4.96
20-Apr-96 18:00 821.5 0.08 3515 1.57 4.87
21-Apr-96 2:15 829.75 0.08 36.5 1.45 5.00
21-Apr-96 10:00 8375 0.1 37.9 1.37 . 5.05
21-Apr-96 18.00 845.5 0.09 36.8 1.32 4.86
22-Apr-96 2:00 853.5 0.05 38.9 1.45 5.06
22-Apr-98 10:00 861.5 0.08 41.85 1.24 5.05
22-Apr-98 18:00 869.5 0.1 38.5 1.19 4.92
23-Apr-88 2:00 877.5 0 42.7 1.24 5.02
23-Apr-96 10:00 885.5 1.21E+08

23-Apr-96 10:30 886) 0.12 42.8 1.1 5.07
23-Apr-96 158.00 893.5 0.13 42.75 1.07 4.86
24-Apr-96 2:00 901.5 o.11 451 1.18 5.02
24-Apr-96 10:00 909.5 1.05E+08 .11 43.5 1.02 5.23
24-Apr-96 18:00 917.5 0.18 43.35 1.01 5.04
25-Apr-896 2:00 8255 0.14 47.8 1.25 5.10
25-Apr-96 10:00 933.5 2.95E+07 0.11 45.1 ) 5.07




Run start date 17-Mar-98

Run Name: CRADA Task 4
Run 1D#: PY60314CF

Date Time Run time Tolal Solids Washed Solids Acid Conc, | Samplo Wi HPLG (g}

{n) Chem [ Oven%) | IR (%} | TDS (%) | weight(g)| 71s {24} (%} {g) Glucose | Xylose | Gal. | Amb, [ Man T ceto.

13-Apr-S6 10:00 645.5 ey T

13-Apr-96—18:00 B535)° I 0.00% 0.00% 0.00  0.00%| 0.00% 0.00 1.93 2264 6.69 2.04 0.00 9.07

14-Apr-06 2:00 661.5 0.00% 0.00% 000 000%| 0.00% 0.00 1.67 21.35 6.06 1.51 0.00 8.34

14-Apr-96 10:00 669.5

14-Apr-96 18:00 677.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.55 19.92 5.14 1.13 0.00 7.44

15-Apr-96 2:00 685.5 0.00% 0.00% 000  0.00%]| ©.00% 0.00 1.54 20.10 517 1.34 0.92 7.61

15-Apr-96  10:00 693.5 1

15-Apr-96 18:00 701.5 0.00% 0.00% 0.00 0.00% 0.00%, 0.00' 1.34 17.75 5.38 7.90 .00 9.09

16-Apr-86 2:00 709.5 0.00% 0.00% 0.00 0.00% 0.00%)| 0.00' 1.15 17.64 5.33 8.07 0.00 9.18

16-Apr-98 10:00 717.5

16-Apr-96 18:00 725.5 0.00% 0.00% 0.00 0.00% 0.00%, 0.00] 1.25 16.14 5.34 9.36 8.74 8.74

17-Apr-98 2:.00 733.5 C.00% 0.00% 0.00 0.00% 0.00% O.UOI 1.16 16.05 5.39 10.52 0.00 8.84

17-Apr-96 10:00 741.5

17-Apr-96 18:00 749.5 0.00% 0.00% .00 0.00% 0.G0%, O.Gﬂl 1.10 16.12 5.68 11.74 0.00 8.90

18-Apr-95 3:00 758.5 0.00% 0.00% 0.00  0.00%| 0.00% 0.00f 0.00 16.52 571 14.08 0.00 3.20

18-Ap1-96 10:00 765.5

18-Apr-96 10:30 766¢

18-Apr-96 18:00 773.5] 0.00% 0.00% 0.00  0.00%| 0.00% 0.00 1.18 16.70 6.05 15.10 0.00 9.18

19-Apr-96 2:00 781.5 0.00% 0.00% 0.00 0.00%| 0.00% 0.00) 1.05 16.52 5.94 15.06 0.00 9.16

19-Apr-96 10:00 789.5 I

19-Apr-96 18.00 797.5 0.00% 0.00% 0.00 0.00% 0.00%) 0.00I 0.899 15.77 5.71 15.56 0.00 5.80

20-Apr-96 2:00 805.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00] 0.50 16.58 5.93 16.61 0.00 9.54

20-Apr-96 10:15 813.75

20-Apr-96 18:00 821.5 0.00% 0.00% .00 0.00% 0.00%, 0.00) 1.14 17.20 8.17 17.69 0.00 9.64

21-Apr-96 2:15 829.75 0.00% 0.00% 0.00 0.00% 0.00% 0.00] 0.00 17.78 6.31 18.36 0.00 10.07

21-Apr-96 10:00 837.5 |

21-Apr-96 18.00 B845.5 0.00% 0.00% 0.00 0.00% 0.00%, D.OOL 1.08 18.08 6.44 18.87 0.00 10.23

22-Apr-96 2:.00 853.5 0.00% 0.00% .00 0.00% 0.00%, 0.0UI 0.00 18.15 6.46 18.98 0.00 10.39

22-Apr-96 10:00 861.5 . -

22-Apr-96 18:00 869.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00[ 1.24 18.71 6.82 15.79 0.00 10.68

23-Apr-96 2:00 877.5] 0.00% 0.00% 0.00 000%] 0.00% o.00f 1.69 18.53 6.69 18.94 0.00 10.02

23-Apr-96 10:00 885.5]

23-Apr-96 10:30 886]

23-Apr-98 18:00 833.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.28 18.84 6.71 19.94 0.00 10.44

24-Apr-98 2:00 901.5 0.00% 0.00% 0.00 0.00% 0.00%, Q.00 3.66 19.52 7.01 19.56 0.00 8.76

24-Apr-96 10:00 909.5

24-Apr-96 18:00 917.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00 1.27 19.32 6.92 20.42 0.00 10.54

25-Apr-96 2:00 925.5

25-Apr-98 10.00 9335




Run slart date 17-Mar-96

Run Name: CRADA Task 4

Run 1D#: P960314CF

Date Time Run lime GC Acid Scl. Lignir
{h) Xyliol | Succinic | Lacic [ Glycersl | Acoic | EOH | HMF | fudual | Ethanol (g1

13-Apr-96 10:00 645 5]
13-Apr-96 18:00 §53.5] 3.45 0.00 22.40 5.74 18.4¢ 31.22 0.00 ¢.00f 0.00] 0.00
14-Apr-96 2:00 661.5 as7 0.00 22.98 5.81 18.95 31.46 0.00 0.00] 0.00] 0.00
14-Apr-95 10:00 669.5 |
14-Apr-96 18:00 677.5 364 0.00 24.17 5.82 2017 32.26 0.00 0.00 0.00] 0.00
15-Apr-96 2:.00 685.5 ass 0.00 22,57 5.49 19.07 31.90 0.00 0.00 0.00] 0.00
15-Apr-96 10:00 693.5
15-Apr-96 18:00 701.5 1.46 0.00 13.88 5,38 1253 32.73 0.00 0.00 0.00] 0.00
16-Apr-96 2.00 709.5 1.45 0.00 13.38 5.55 12,31 32.57 0.00 0.00 0.00] £.00
16-Apr-96 10:00 717.5 |
16-Apr-96 18:00 725.5 1.33 0.00 11.16 5.55 11.24 32.26 0.00 0.00 0.00] 0.00
17-Apr-96 2:00 7335 1.24 0.00 9.74 5.50 10.17 32.46 0.00 0.00] 0.00] 0.00
17-Apr-96 10:00 7415
17-Apr-96 18:00 7495 0.00 7.55 5.31 8.48 3342 0.00 0.00] 0.00 0.00
18-Apr-96 3.00 758.5 0.00 5.12 4.98 6.29 34.03 0.00 0.00] £.00 0.00
18-Apr-6 10:00 765.5
18-Apr-96 10:30 766
18-Apr-06 18:00 7735 1.28 0.00 551 5,39 6.95 34.24 0.00 o.00] .00} 0.00
19-Apr-96 2.0 7815 1.29 0.00 5.24 5.18 6.62 33.78 0.00 0.00} 0.00{ 0.0
19-Apr-96 10:00 789.5 |
19-Apr-96 18:00 797.5 1.38 0.00 4.39 4,54 547 34.41 0.00 0.00] 0.00] 0.00
20-Apr-96 2:00 805.5] 1.40 0.00 386 4.18 4.82 35.65 0.00 0.00] 0.00] 0.00
20-Apr-96 10:15 813.75 |
20-Apr-96 18:00 821.5 1.53 0.00 3.69 4.15 4.56 3592 0.00 0.00] 0.00f 0.00
21-Apr-96 2:15 829,75 1,53 0.00 337 385 4.26 37.33 0.00 0.00] 0.00] 0.00
21-Apr-96 10:00 837.5
21-Apr-96 18:00 845.5] 1.60 0.00 3.06 360 3.99 39.00 0.00 0.00] 0.00] 0.00
22-Apr-96 2:00 853.5 1.62 0.00 2.97 352 3.88 39.89 0.00 0.00]  o.00] 0.00
22-Apr-96 10,00 861.5 |
22-Apr-98 18:00 869.5 1.60 .00 2.66 3.18 3.61 42.21 0.00 0.00] 0.00] 0.00
23-Apr-86 2:.00 877.5) 1.58 0.00 2.49 2.98 347 43.10 0.00 0.00 0.00 0.00
23-Apr-96 10:00 B8B5.5]
23-Apr-86 10:30 886
23-Apr-96 18:00 893.5 1.62 0.00 2.39 291 345 45.68 0.00 0.00] 0.00] 0.00
24-Apr-96 2:00 901.5 1.64 0.00 2.31 2.82 3.38 45.61 0.00 0.00] 0.00 0.00
24-Apr-96 10:00 909.5 |
24-Apr-96 18:00 9175 1.67 0.00 2.32 2.86 3.49 47.59 0.00 0.00} 0.00 0.00
25-Apr-95 2:00 9255
25-Apr-95 10:00 9335




Run start date 17-Mar-96  Time 12:30 PDU Analytical Results

Run Name: CRADA Task 4 Vessel: V-455C
RunID#  PO60314CF

Date Tima Run lime o.D. CellMass ¥SiGluc  YSIEtOH YS!Laclate bocw % Viability Enz. Activ. WEnz. Digest Contamination pH
{h) 600 nm GFUs Gy (g {o/'L) {g'l) FPU/MmL scope | tiguid | Plate Floor | ~Micro |

25-Apr-96 18:00 9415 o018 M8 1z T 486
26-Apr-96 2:00 949.5 Q 50.5 1.48 5.04
26-Apr-96 10:00 957.5) 1.07E+08 0.23 44 .8 1.54 5.02
26-Apr-96 10:30 o58]

26-Apr-96 18:00 965.5' 0.21 48.2 1.91 5.07
27-Apr-96 2:00 973.5] 0.23 48.2 3.27 5.08
27-Apr-96 10:15 981.75| 0.14 45.8 3.05 5.04
27-Apr-96 18.00 989.5 0.14 46.1 a5 5.05
2B-Apr-96 2:00 997 5 0.13 457 4.22 4.94
28-Apr-96 10:.00 1005.5, 0.2 45.2 5.08 4.98
28-Apr-86 18:00 1013.5) d.16 47.1 121 5.06
29-Apr-96 2:00 1021.5] 0.2 45.8 12.4 4.98
29-Apr-96 9:40 1029.166667 0.16 44.9 22.1 4.91
29-Apr-96 18.00 1037.5 0.64 45.95 11.8 492




Run start date 17-Mar-96

RAun Name: CRADA Task 4

Run (D#: PS80314CF

Dale Time Run time Tolal Solids Washed Solids Acid Conc. | Sample Wt HPLG (gL
th chem | oveng) | IR{%) | TOS (%) | weighi g ] Ts (%) (%) tg) Glucoss | Xyloss [ Gal. | Arab. [ Man. | Ceﬁ_)_l

25-Apr-96 18:00 941.5 0.00% 0.00% 0.00 0.00% 0.00%,| 0.00] t.27 20.54 7.24 21.06 0.00 10.99
26-Apr-96 2:00 949.5 0.00% 0.00% 0.00  0.00%| 0.00% 9.00] 0.00 20.01 7.02 20.62 £.00 10.79
26-Apr-96 10:00 957.5
26-Apr-96 10:3C 958] 18.55% 0.00% 105.10 16.86% 0,00%,| 386.24 0.68 19.70 4,56 18.94 0.00 2.23
26-Apr-96 18:00 965.5 0.00% 0.00% 0.00 0.00% 0.00%,| 0.00 0.00 19.55 6.86 18.53 .00 10.69
27-Apr-96 2:00 973.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 0.00 19.33 6.84 16,87 0.00 10.77
27-Apr-96 10:15 981.75
27-Apr-96 18:00 989.5 0.00% 0.00% 0.00 0.00% 0.00% 0.00I 0.85 18.04 6.54 11.10 0.00 10.62
28-Apr-96 2:00 997.5 0.00% 0.00% 000 0.00%| 0.00% 0.00} 0.81 17.60 6.37 8.45 0.00 10.55
28-Apr-96 10:00 1005.5
28-Apr-96 18:00 1013.5 0.00% 0.00% 000 0.00%| 0.00% 0.00] 1,00 16.17 5.63 4.12 0.00 9.78
29-Apr-96 2.00 1021.5 0.00% 0.00% 0.00 0.00% 0.00% 0.0UI 0.98 15.86 5.48 2.52 0.00 9.59
29-Apr-96 9:.40 1029.166667 0.00% 0.00% 0.00 0.00% 0.00% O.DUI 1.35 16.17 5.76 2.67 0.00 9.78
23-Apr-96 18.00 1037.5 0.00% 0.00% 0.00 0.00% 0.00% 0.0UI 1.87 16.29 577 2.56 0.00 9.85




Run start date

17-Mar-96

Run Name: CRADA Task 4
Run ID#: PS80314CF
Dale Tima Run time GC Acid Sol. Lignir
{h) Xyitl | Succinic | Lacic | Glycerol | Acefic EoH | HMF | iwtual | Ethanot {oiL)
25-Apr-06 18:00 94151 164 000248 272 360 48 11— - 0.00— —— oo —— 8.00} ~ — “0.00
__26-Apr-96 2:00 949.5 1.58 0.00 2.84 288 4.14 48.62 0.00 0.00 0.00] 0.00
26-Apr-96 10:00 957.5)
26-Apr-96 10:30 958 1.80 0.00 3.51 2.94 4.59 49.50 0.00 €.00 48.25 11.46
26-Apr-986 18:00 965.5 1.77 9.00 4.33 2.84 5.17 49.98 0.00 0.00} 0.00] .00
27-Apr-96 2:.00 973.5 1.75 0.00 5.68 283 6.19 49.17 0.00 0.00] 0.00] 0.00
27-Apr-96 10:15 981.75
27-Apr-96 18:00 969.5] 1.84 0.85 9.74 3.29 9.16 50.55 0.00 0.00 0.00} 0.00
28-Apr-96 2:00 097 5 1.87 0.89 11.85 3.21 10.67 50.65 0.00 0.00] 0.00f 0.00
28-Apr-96 10:00 1005.5
28-Apr-96 18:00 1013.5] 364 1.04 15.34 3.36 13.47 48.49 0.00 0.00} 0.00] 0.00
29-Apr-96 2:00 1021.5] 3.70 1.01 16.43 3.39 14.36 47.41 0.00 0.00] 0.00] 0.00
29-Apr-95 9:40 1029.156667 2.00 1.24 16.89 3.50 14.68 48.77 0.00 0.00] 0.00] 0.00
29-Apr-96 18:00 1037.5 1.90 1.26 16.69 3.46 14.46 47.02 0.00 0.00] ¢.00] 0.00




PDU SSCF Material Balance (based on raw feed)

D =Standard Deviation

Run#: P950314CF Bared on averoge fesdstock composition
Date: 473194
Time: 1000
Run Condilionr: Hydrolyzet Temp (C) : Flash Tank Tecnp. (C): ]
Hydrolyzer Residence Time (min) :
Hydrolyzer Acid Concentration (%):
Inpul Calo:
SO Flora SO SD How
Fead Flra Rale (84- |E0kg Rl 54.5 d18 Faad Solkds Concentrobon % 459 0.89 Inzculuin Flo # Role <FE-4564-d4, kg.hi ¢ Q
“vol.ewalerikg:h: &15 D40z w201 Ackd Corcendralion | 8.1 Encyma Floa Rale JFE-J554-6.%g/mx: 025 0.03
achkd Flzs Role (FL201-1, kg!h: 15.00 0.8% Lime Concenfrailon % 25 T8k Flo w Rate (FE-4554-6, kot 5.3 22
Sleamn Io Hodrohzer (F1-204- 1. kg h): 10.80 172 Other Agdlilons (kgeh: 17,95 5.02
Lime 1o Flash Tonk <FT-201-3 kgihl 0 nno Hydrod, zale Insohuble Sollds <% a i}
yealet lo Flash Tank (FT-205-1, kgihk 4] 0.0 Feimentar insohsble Sokds %! 4697 078
Flash “opor thgihb 17,15 1.7 Fesmentalln Sokds Conc. €% 274
Carbon Balance: SSF
Carbon In
InFeadslock
n%au feed h necuwim in Ennvme fotal
Component diywl) (Cmalehl  (%lclalin gilk 1% Tolal - ig/) iC-mokeih: % lotol I} g L 4C molerhl % Totalln Z maoke/hy
S0 Comp Sar. Bmor SO Comp 3qr. Eror Sqr. Emor
0.0 om 0.000 0.000 0.000
44.42 371737 w4 19  1nosoe 0.00 00 00 0000 00 323.0 22w as 374035 1105.020
3.63 30242 1000 0.5 260 0.00 00 00 0000 00 30 242 25963
0 om om) 00 0.000 0.000 0.000
18.3% 153.210 100.0 2.2 4921 0.00 00 00 0000 00 153210 472087
1213 101.057 000 12 1589 000 00 00 0.000 a0 101057 158.928
75 89.645 100.0 07 1M&.4 0.® 00 ao 89.655 116407
0.000 0.000 DA/ 0! 00 #Div/Q! 0.000
0.000 oM zonvn 0.000
0.00 =D 0! 0.000 0.000 #Dn/O! 0.000
0.00 *Onor 0.000 C.000 *DRAAN 0.000
0.00 SN0 0.000 0.000 *DAsO 0.000
0.00 2D om 0 M =#*Dn/0! 0.000
0.00 Dot 0.000 0.000 DRI 0.000
Total 88.27 745911 9.7 1898 3 00 748 209 1858.3086

4.53%




7777 CellulosafSlarch Convsrston: az2.4%
Kylan Conwverslorn: 87.4%
Overall Cé-Sugar Conversion: 61.9%
Cwerall C5-Sugor Conwversion: 17.9%
Ethano! Process Yield (% theor): 36.6%
Ethanol Metabolic Yield (% theon): 76.3%
Carben OuW Conversion Yield Std.
Deviatien
in Soilos i iquor . Toted (Ir-Oubfn g producty
adrywl)  (C-molach) (% Tolal Sl @il) {T-mols/ht D% lotod Tul: {C-mokehy 6 103 g CH/CE cons
SD Comp. Sqr. Eror SO Comnp. Sar. Emor Sqr. Erer
e 9.654 0.0 ¢710 9.454 0710
30.3% 45453 548 0.8 29 18.75 53.908 452 02 22132 119.371 56.625 &B.09 15
1.94 417 16,7 ¢ 0.2 13 20818 833 0z 3,464 24.995 d.es2 17.35 1.3
0.00 0.002 f00.0 0.0 0.00 0.000 a0 0.002 0.000
8.94 19.258 14.3 02 27 4019 115.550 85.7 s 102.491 134.808 106.217 120 &9
3.54 7.625 10.3 0.2 04 23N &b.444 9.7 0 34,539 74.089 37.168 2871 3.7
28.52 88159 728 08 808 an 33.460 275 20 76,523 121.819 137.343 -35.64 15.3
3b6.48 136.644 04 142.482 134,644 142,482 35.48 &17
500 17.226 1.0 14105 17.226 14,106 484 129
68.322 35.621 48,922 35,62t 3307 590
512 14.398 o1 1.826 14.398 1.5626 498 087
277 T.964 03 1.430 7.964 1.430 249 057
271 rIve 0.1 0.498 7.7692 0.498 264 045
084 2.455 Q1 0.047 2.456 0.067 .82 215
0.00 ¢.000 o0 0.000 0.000 0.00 0.00

73.33 184,685 250 854634 75.0 7igaz20 535,144 8632 8.71247¢6




PDU SSCF Material Balance (based on raw feed)

SO = Stiemndord Devlallon

Run #: P940314CF
Oate: Af26{96 Bosed on average leedstock compesition
Time: 10:00
Run Conditions: Hydrotyzer Temp (C) : Hash Tank Teing, (C): 98
Hydrolyzer Residence Time {min) :
Hydrolyzer Acid Concentration (%)
Input Dato:
S Fho a sSD SO Flow
Feed Flax Pale (5A-1804g hi: 5441 J 4 Fosd Sokds Concontiallon Xk 459 . 0.89 Eltered Bocyocle Pala f4g.hix 483 1.8
“ol.eWalerikg'h: 4,14 an? % 201 Ackd Cencenlallon o B Erzomia Flow Rale (FE-d584-4_ kg 025 0.03
Acks Flox Role (F1-Z01-1.kgihi: 14.17 I.1a Lime Concenlralion (%3 0 CSL Ao~ Rate (FE-d584-5. kgin: 5,42 1.34
Sleam la Hedrolyzer (FI-204- 1. bgn: 10 143 Olher Addilicrs (kg 14,74 352
Lime fo Flash lank (FF-201-3 kg:hi: 0 .00 H, diod, zale lisokite Solics Q ¢}
wwater {o Flash fank (F1-205- 1, kgshk 0 0.0 Feumanler Insolutds Solkds (%3 4.5¢ 0.3
Flash Voper ibg ht 1740 .78 Tastrorudsilban Selkds Colrs, (% 24
Carbon Balance: $SF
Caitben in
In Feadslock
1 %os Fead in Faag Liguor i NocLm n Ensems TotcH
Componend Bdrywl  iTmoled) (% lotalin igl:  iT-molesn) (% lololIng gily ([Cmale/h: (% Total In} (Cmolesh} (% Tolaln}  [C-maken)
D Comp Sgr Emor SD Comp Sgr Error Sagr Error
.03 0.000 0.000 0.000 0.000 0.000
44,62 372.487 P24 1% 12187 0.00 om 0.0 00 G.000 00 323.0 2.29% 06 374786 1218.752
3.63 30,303 [lasieg [sR:] 26.8 0.00 om o33 00 0.000 oo 30303 28,791
0 0.000 oM) 0.000 00 om 0.000 0.000
18.39 153.519 oo 22 5126 C.00 om og 00 om 00 153519 512616
12 13 101261 100.0 12 1474 0.00 0.000 ao 00 0000 00 101 261 167.645
7.5 89.845 100.0 o7 1232 0.00 0.000 00 [sXs] 57,844 123.234
154.300 32354 100.0 285 211625 32.354 211.625
0.000 0.000 *DA/O! 0,000
.00 0w #Dhor 0.000 0.000 *Dn/0! 0.000
0.00 Owo0 +DRor 0.000 0.000 *D/0! 0.000
000 0.000 =Dn/sof 0.000 0.000 sDR/0! 0.000
0.00 0.000 D001 0.000 Owo0 =D/l C.000
000 0.003 =*Dn/0! 0.000 Owo0 =D/ C.000
Tot 8627 747416 ?5.6 0490 om jsXel 702.069 2049039
Std.Dev. = 4.31%




Caellulose/Starch Converslon: 85.1%

Xylar Corivarslory: 956.1%

Overall C5-Sugar Conversicn: 65.9%

Overall C5-5ugor Conversion: 31.2%

Ethame! Process Yield (% theor): 41.1%

Ethanio! Metabolic Yield (% theor): 73.0%

Yleld  Sid.
Devlalion
Totol (In-Outd/in g producty
% Totol Ot} LC-maoleyhi 100 g S48 cors
SO Comp. Sar. Emor SC Comp. Sar. Emor Bqr. Emce
223 o0 0537 6920 0.537
55.462 6522 17.32 02 2.03% 106.718 56,207 1.5
1.135 54 451 02 4.488 20325 4,527 1.5
0.00! 100.0 0.00 G001 0.000

6.041 5.5 3537 05 122.057 M0G0 122.427 8.0
1872 2¢ 2143 0.6 47.520 65,044 47.647 4.7
46.180 a0¢ 3.70 20 74.282 81.831 113.732 127
48.25 04 381.981 185.404 381.981 .4 694
5.00 10 15.923 17.662 15923 420 1.10
&5.074 74.525 £5.074 32.00 542
294 1.6 22076 B8.477 2076 247 1.41
1.64 a1 0.345 4834 0.345 1.38 0G.25
240 a1 0735 7664 0.736 219 0.38
000 o0 0.000 0.000 c.oo 0.00
1.80 02 0sd 5235 0641 151 o
130891 89 91712 831853 7r24  B997688




PDVU SSCF Material Balance (based on rawfeed)

D = Slenickrd Devieallon

Run #: PO40314ACF Besed on tiveriaye Teedstock canposition
Date: 4126196
Time: 10:00
Run Conditions: Hydrolyzer Temp (C): Flash lank Temp. (C) o
Hydrolyzer Resddence Time (mim) :
Hydrolyzer Add Concenfration (%
Inpul Dada: .
SO Floa sk SO flow Ext
Feed Flas Fale ($a-150kghk 54,61 438 Feed Solkds Concentrallon % 459 089 Elvinsl Bacycle Pole Clgan: 483 1.8 ‘Couscl
Doeiing viatar | kgrh &34 0.0z 201 Ao Toncenliotion 8 4] Enzom oo Rale (FE-2864-6. kgum: 028 0,03 W-4554:
Acid fa Rale dFT201-1, kgshh 14.17 110 Lme Concenliotion <% Q 0 UL Flo s Rate (FE-J554 6 kgehy: 542 1.34 W-4558:
Slaam t2 H, drot,zer {FT-204-1, kgehi: 0. 14 Clher Adallkns thgh: 174 352 V-455C;
Lime lo Frash Tonk (FT-201-3 kgini: 0 0.00 Hydiotezale Irsoluble Salids £ o 0 V-4550:
o 0.00 Fermenlel Insolubls Solids (% 4.59 03
Flosh “oper ikg/hl: 17.60 [ Temmantation Solkk Core. %: 270
Carbon Balance: S$F
Carbon In
In Fesdstock
In Raw Feed in Fagd Liguor Wt inocuium in Engyma Total
Component (% drywd}  (Cmokeshd (% lotalind @iy Cmosacht 0% lotaling g {C-molkesby % lolol Ind gl {Crmabesnd (% Bolalind  (C-molesr
SD Corrip Sar Emor D Comp Sgr Emor Sqgr Bror
0.00 0.000 0.000 0.000 #DNO! 0.000 0.000
44.62 372487 0.4 1Q 1229.2 000 0000 ao 00 0.000 00 323.0 2.299 06 374 786 1229.233
343 30303 100.0 05 239 0.00 0.000 ag 00 0.000 00 30 303 23892
0 0.00Q *Dhv/0! 00 0.00 0.000 *Dh/0! 00 0.000 4007701 0.000 0.000
18.3¢ 153.51% log.e 22 5034 0.00 om ao 00 0.000 00 153.519 503.355
12.13 101.261 100.0 12 1726 2.00 0.000 oo 00 0000 oo 101261 172,600
75 89.844 100.0 07 1272 0.00 om 00 00 89.844 127.195
154.300 32.354 100.0 28.5 2116 32354 211625
0.000 0.000 200701 0.000
0.00 0.000 D001 0.000 0,000 *Dnv/0l 0.000
0.00 0.000 *DiV/0! 0.000 0.000 +D0//0! 0.000
0.00 0000 =DA/OF 0.000 0 M #Dh/AN 0.000
0.00 0.000 *DR/O 0.000 0.000 #£Dn/0! 0.000
a.op 0000 #DAOr 0.000 0000 AP 0.000
Totat 86.27 747.416 $5.4 20542 0.000 0.0 782.069 2056.278
Std. Dev. = 8.21%




aust Gas Aow Rate Ethorol co2 Celllose Conversion:; 85.1%
sameclesmini SDFlow  {mole%) sD (mole%} S0 Xylan Conversion: $6.1%
0.78 0.078 1.38 0.04 Q6.78 0.28 Overall Cé-Sugar Convearsion: 66.9%
018 0.015 mm e3¢ ] 8374 0.51 Overall C5-Sugor Conversfory: 31.2%
3.21 0.1 13 0.07 239 1.9 Ethanel Process Yield (% theor): 42.9%
0 0 [ o) 0 0 Ethano! Metabalic Yield (% theon: 76.2%
Carbon Cut Conversion Yisld sid,
Devlalion
i Sodcs n #auer i Exhaust Sos Totdl (n-Outiin g productf
Sdywt)  [Cmoksht (% lotol Cult el (C-mokeshE (% Todal Sl Tamoleshi (% Telal Dl o-molesh) X 100 g C4/C5 cons
SD Comp. Sqr. Eror SD Comp. Sqgr, Emor Sqr. Emor Sqr. Emor
223 &.920 00 0.529 46920 0.529
3%.25 55.662 522 o8 27 17,32 51.086 47.8 02 29.135 104,718 55238 s 1.50
Q.80 1.135 54é al 114} 451 19,190 414 0.2 4415 20325 4.445 329 1.48
0.00 .00 100.0 0o oo 0.00 0.000 0o 0.0 0.000 0.001 0.000

4.26 4.041 55 0.2 0.4 35.37 104,264 945 0.5 122.228 110.308 122,612 28.15 19¢

1.32 1.872 2.9 0.2 21 21.43 &3.172 971 Q6 47,200 45,044 47,309 3577 4.67

32.52 64,180 809 08 kN | 3.70 15.652 ie? 20 74.282 81.831 113.425 8.92 1242

48.25 185.404 0.4 381.981 4628 3,451 0.343 192.032 382.323 3494 5,36

5.00 17.662 1.0 15,923 17.662 15523 420 1.10

£8.51% 100.000 4679 56.511 34879 24,46 4.08

254 .477 1.6 22,076 8.477 22076 2.47 1.1

1.54 4834 a1 0.345 4,834 0.345 138 025

2.60 7.684 a1 0.736 7664 0.736 29 033

0.00 Q.000 oo 0.000 0.000 0.00 0.00

1.80 523 02 0.641 5235 0441 1.51 03!

78.15 1308971 9.2 484.2956 712 400,324 801.482 7118 859




Appendix C

Continuous Inoculum Study

Providing continuous inoculum to a corn fiber fermentation is an added expense in capital, in raw material costs
and in operating labor. If nutrients are supplied at a steady rate and the yeast are not inhibited by toxins or being
washed out, then the cell concentration should stabilize. The recombinant yeast should be able to achieve a
steady state cell concentration on glucose in absence of any toxins inhibitory to glucose metabolism. This should
be possible in the PDU since ethanol concentrations are below inhibitory levels and the dilution rate is well below
the maximum growth rate of the organism.

Before eliminating the continuous inoculum in the PDU, a small scale draw and fill fermentation was conducted
to demonstrate that a steady state cell concentration could be achieved without continuously feeding cells to the
fermenter. A 25% solids, pretreated corn-fiber blend was manually fed to a small scale flask twice daily at a 30
hour residence time. Both cellulase and glucoamylase were added to each fill at 10 IU/ g cellulose and 2 TU/g
starch, respectively. CSL at 1.0% ( w/w) was also added at each fill. Initially, a 10% (w/w) yeast inoculum
(LNHST?2) was added to the fermenter. Fermentation temperature was 30°C and the flask was mixed at 100 rpm
in a gyrotory shaker. The pH was controlled at 5.0 with 3 M sodium hydroxide. Figure C-1 shows ethanol and
alucose concentration, as determined by YSI, and cell concentration in the fermentation. The lag at the beginning
of the fermentation was due to autoclaving corn steep liquor and the pretreated corn fiber together. The same
problem occurred during Task 3 batch fermentations. 1.0% CSL was added to the fermenter after 24 hours to
ensure the yeast had enough nutrients for growth. At 31 hours into the fermentation, the yeast began to consume
elucose and produce ethanol. After additions were adjusted to achieve a 30 hour residence time, the cell counts
stabilized and remained steady for three more volume changes (90 hours) without adding cells. Ethanol
concentration also reached a steady value. The results from this experiment proved that continuous inoculation
could be eliminated in Task 4. This draw and fill scenario may be useful for other bench scale experiments when
solids must be used.

One interesting result from the draw and fill fermentation was the discrepancy between the total number of cells
counted on a hemacytometer and the number of viable yeast counted on agar plates. Previously, viable cell
counts were used to monitor cell population and estimate cell mass. Because the corn fiber produced during task
4 was well pretreated, it was possible to count the actual number of yeast present in the fermenter using a
microscope and hemacytometer. Figure C-2 shows the large difference between hemacytometer cell counts and
viable cell counts (agar plate). Viable cell counts underestimate cell mass. A correlation will be developed for
estimating cell mass from hemacytometer cell counts during Task 5. This will help close mass balances around
fermentation.



Figure C-1. Shake Flask Draw and Fill Experiment
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Figure C-2. Total and Viable Cell Counts
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Appendix D

Effect of Nutrients, Acetic Acid, Sugar Levels, pH, and Neutralizing Agent on Ethanol Yields and
Xylose Conversion with LNHST?2

D.1 Objective

A two-level, three factor, half fractional factorial experiment was designed as a screening study to examine the
effect of nutrient types (CSL - 1% w/v versus 2% w/v. and 2% w/v CSL versus YEP), total sugar concentration
(82.6 g/L versus [115.5 g/L), and acetic acid concentration (3.3 g/L versus 6.2 g/L), on ethanol metabolic and
process vields, an‘d sugar consumption.

A second two-levcjl, four factor, half fractional factorial experiment was designed and carried out to examine the
effect of CSL (l% w/v versus 2% w/v), initial total sugar levels (74.4 g/L versus 105.8 ¢/L), pH (5 versus 6.5)
and the caustic (ammonium hydroxide, NH,OH versus sodium hydroxide, NaOH) on fermentation performance.

|
D.2 Materials and Methods

|
D.2.1 Inoculum Preparation

|
For each experimjent, moculum was generated in two stages at a controlled temperature of 30°C and 150 rpm
mixing. The first stage, consisting of 50 mL of YEPD (1% w/v yeast extract, 2% wA’ peptone and 2% w/v
¢glucose, pH 5) in a{ZSO mL baffled Erlenmeyer flask, was inoculated with 1 mL of LNHST2 from a frozen seed
stock. After a 13 hour incubation, a 10% v/v inoculum was transferred to a second stage consisting of CSL
medium (1% w/v CSL, 2% w/v glucose, pH 5). The second stage was incubated for only 6 hours by which time
a majority of the glucose is consumed, but not all (exponential growth stage). A 10% v/v inoculum from the
second stage was used to inoculate the flasks in both experiments.

1
D.2.2 Preparatiorﬂ of Liquor Hydrolyzate

|
These studies were carried out in shake flasks using hydrolyzate separated from a mixture of pretreated corn fiber
and corn screenings (collected on 4/21/96). Liquor was separated from pretreated material by vacuum filtration.
The pH of the collected liquor fraction was adjusted to 5.0 with sodium hydroxide pellets. After pH adjustment,
the liquor was centrifuged at 9000 rpm for 30 minutes and serially filtered through 0.45 m and 0 0.2 m filter units
to sterilize. The amount of hydrolyzate used in each flask was equivalent to the amount present in a 25% total

. |
solids fermentatlop.
|

i
D.2.3 Flask Set-up

Exogenous glucoseL xylose and acetic acid (filter sterilized solutions) were added to some of the flasks. Solutions
of 10% CSL at pH 5 and pH 6.5 were prepared and sterilized. A 10x solution of yeast extract and peptone
(YEP), pH 5, was prepared and filter sterilized, for those flasks requiring YEP as the nutrient source (final
concentrations in the flasks at 1% w/v yeast extract and 2% w/v peptone). The pH of each flask was monitored
and adjusted to pI-I‘ 5 with 3 M NaOH in the first experiment and to pH 5 or 6.5 with either NaOH or NH,OH in
the second experiment. The temperature was maintained at 30°C and mixing was controlled at 150 rpm, Table
D-1 and D-2 depicts the levels of each factor used in both experiments. No enzymes were used in these

experiments.



Table D-1. Design of Experiment 1:

. : Two-level, Three Factor, Half-Fractional Factorial Experiment
- Flask # Nutrients Acetic acid Total Sugar
CSL
1 1(-) 3.3() 1155 (+)
2 2(+) 33() 82.6 (-)
3 1(-) 6.2 (+) 82.6 (-)
4 2(H) 6.2 (+) 1155 (+)
5 1.5 4.8 96.7
6 1.5 4.8 96.7
YEP
1¢) 33¢) 115.5 (+)
1(-) 6.2 (+) 82.6 (-)

Table D-2. Design of Experiment 2:

Two-level, Four Factor, Half Fractional Factorial Experiment

Flask CSL Sugar pH Base
I 1(-) 74.4 (-) 5() NH,OH (-)
2 2(4) 74.4 (-) 5() NaOH (+)
3 1(-) 105.8 (+) 50) NaOH (+)
. 4 2 (+) 105.8 (+) 5(-)  NHOH()
5 1) 74.4 (-) 6.5 (1) NaOH (+)
6 2(+H) 74.4 (-) 6.5(+) NH,OH (-)
7 1(-) 105.8 (4) 6.5 (1) NH,OH (-)
8 2(+) 105.8 (+) 6.5 (+) NaOH (+)

D.3 Results and Discussion

D.3.1 First Shake Flask Experiment

Glucose was consumed in all of the flasks within 18 hours after inoculation. After 66 hours, complete xylose
conversion was not observed in any of the flasks. The best conversion of xylose and the best ethanol yields
(process and metabolic) were observed in the flasks that did not have additional acetic acid (flasks 1,2 and 7) (see
Table D-3 and Figure D-1). Figure D-1 shows the inhibitory effect of acetic acid on both xylose conversion and
the ethanol process yield. The conversion of xylose is almost half that in the flasks containing 6.2 g/L acetic acid
compared to the flasks containing 3.3 g/L acetic acid. These results correlate with the results of experiments
performed at Purdue University (see Bench Scale Experiment 1.9 Report, Acid and Ethanol Inhibition of

LNHST2).



Based on the statistical analysis of the results, acetic acid was the only variable that had a major effect in this
experiment (see ﬁigme D-2 and D-3). The concentration of CSL and initial sugars did not have an effect on the
overall xylose conversion or ethanol yields. There was no improvement in fermentation performance by
increasing CSL from 1% w/v to 2% w/v (see Figure D-2). Adding YEP as the nutrient source also did not
increase the conversion of xylose or the ethanol yields (see Table D-3 and Figure D-1).

Table D-3. Results of First Shake Flask Experiment

Flask | Glucose Xylose Ethanol Process Yield  Ethanol Metabolic
Conversion  Conversion Yield

(%) (%) (% theoretical) (% theoretical)
| CSL 100 75.57 74.79 83.20
2 { 100 73.27 79.78 90.05
3 ! 100 46.17 58.16 75.54
4 i 100 38.26 57.26 76.86
5 Centerpoints 100 53.93 65.54 81.22
6 100 53.24 64.96 80.75
7 YEP 100 62.21 68.07 80.66
8 100 43.61 57.30 75.50

D.3.2 Second Shalke Flask Experiment

The purpose of the second experiment was to examine the effect of caustic type on ethanol process yield and
xylose conversion. Xylose conversion was improved with both NaOH and NH,OH at a pH of 6.5. However,
the increased xylose conversion did not translate into an increased ethanol yield when NH,OH was used for
neutralization and pH control due to production of higher levels of the by-products xylitol (may include arabitol),
glycerol, acetic acid and cell mass (see Table D-4 and Figure D-4). The process yield was better in all cases when
NaOH was used for, pH control, and was slightly better at pH 6.5 than pH 5 (see Figure D-5). Again, at the higher
PH, more by-products were produced than at the lower pH. As in the first experiment, a concentration of 2% w/v
CSL did not help fFrmentation performance.

The statistical analysis performed on the data showed that 2% w/v CSL did not help improve xylose conversion
over 1% w/v CSL (same conclusion drawn in first experiment) (see Figure D-6). The initial sugar level also did
not have an affect on the conversion of xylose, but a higher initial sugar level did slightly decrease the ethanol
yield.

An interesting phenomena observed in this experiment was the utilization of arabinose at the higher pH level (see
Table D-4). This could be due to the presence of a contaminant, but contamination was not observed in any of
the flasks. With the conversion of arabinose, a large amount of xylitol (probably includes arabitol as it has nearly
the same retention time as xylitol) was observed. In addition to xylitol, acetic acid was produced at significant
quantities when NH,OH was used for pH control. If the yeast can in fact use arabinose, we could potentially
minimize the contamination problems we have observed in the PDU, which has been observed to utilize

arabinose in the past, by operating under conditions that favor arabinose utilization by LNHST2.




Table D-4. Resuits of Second Shake Flask Experiment

Flask Glu. Xylose  Ethanol Ethanol ° Arab. DCW Glye. Xylit. Acetic
Conv. Conv. Process Meta. Conv. Prod. Prod. Acid
Yield Yield

(%) (%) (%) (7o) (%) (g/L) (g/L) (&/L) (g/L)

1 100 69.0 79.6 91.4 13.3 6.0 1.8 2.3 0.7
2 100 834 85.5 924 147 72 2.2 2.8 0.0
3 100 84.2 83.2 89.3 12.9 7.6 3.4 2.3 0.0
4 100 61.9 71.0 83.8 7.4 6.7 3.4 1.9 1.0
5 100 95.0 92.7 95.9 64.6 12.2 4.0 16.9 1.2
6 100 90.2 78.4 82.8 60.4 8.2 3.5 254 7.4
7 100 85.8 66.9 71.5 34.0 8.2 6.1 13.3 8.7
8 100 95.7 86.2 88.6 344 114 5.8 3.6 1.2

D.4 Conclusions

The first shake flask experiment demonstrated the inhibitory affect of acetic acid on the LNHST2 fermentation.
Increasing the CSL concentration to 2% w/v did not produce an increase in xylose conversion. In addition, YEP
also did not improve xylose conversion over 1% CSL.

The second experiment showed the strong negative effect of using NH,OH for pH adjustment. At a pH of 5. poor
xylose conversion was observed with NH,OH. At a pH of 6.5, xylose conversion improved, but the ethanol yield
did not improve because of greater by-product production. At pH 5 with NaOH, xylose conversions and ethanol
yields were just over 80%. At pH 6 with NaOH, the xylose conversions and ethanol yields were slightly better
than pH 5. But operating at a higher pH may not justify a higher risk of contamination. Increasing the
concentration of CSL and the inittal sugar levels did not have a significant effect on xylose conversion and

ethanol yield.



Figure D-1. Ethanol Process Yields and Xylose Conversions with LNHST2
(Experiment 1)
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Figure D-2. Statistical Analysis of Experiment 1:
Effect of CSL, Acetic Acld, and Inltlal Sugar Levels
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Figure D-3 Statlstical Analysls of Experiment 1:
Effect of Nutrient Type, Acetic Acld, and Initial Sugar Levels
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Figure D-4. Ethanol Process Yields and Xylose Conversions with LNHST2 (Experiment 2)
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Figure D-6, Statistical Analysis of Experiment 2:

Effect of CSL and Initital Sugar Level
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1.14
1.04

Glucose
(oL
46,82
1.41
1.05
1.17
1.04

Glucoze
(a/L)
66.74
1.30
1.06
1.16
1.09

Glucose
(g/L)
66.31
132
1.05
1.19
1.23

Glucose
{o/L)
45.71
1.17
0.32
1.21
1.07

Glucose
(g/L)
44.47
1.30
0.76
1.23
1.21

Glucose
(a/t)
67.25
1.25
1.02
1.21
1.18

Glucose
(a/L)
67.26
1.23
1.04
1.29
1.18

Xylose
(/L)
27.54
22.09
14.30
11.14
8.55

Xylose
(/L)
27.40
21.84
1220
7.63
4.54

Xylose
(o)
38.39
33.04
349
11.186
6.24

Xylosze
(/L)
39.16
33.40
22.15
17.88
14.93

Xylose
(o)

2637
17.67
3.90
1.86
1.33

Xylose
(alL)

26.15
17.95
7.02
4.41
256

Aylose
(olL)
39.98
30.41
11.99
8.38
5.67

Xylosa
(gl
39.82
20.90
756
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_ Raw Data: Experiment 2

Arabinose
(/L)
22.66
22.00
20.79
19.95
19.65

Arabinose
(o)
22.38
21.73
20.71
19.62
19,09

Arabinose
(g/L)
22.80
22.65
20.96
19.86
19.23

Arabinose
(g/L)
22.69
2273
21.64
20.62
21.01

Arabinose
(gL)
21.05
21.00
11.24
8.84
7.48

Arabinose
(-4 8]
21.31
21.54
12.66
10.46
8.45

Arabinose
(oL}
23.18
22.37
15.46
12.54
10.67

Arabinose
(/L)
22.95
21.85
15.82
12.43
10.47

Xylitol
(o)
1.08
1.12
1.51
1.56
3.37

Xylitol
(o1)
0.95
0.99
1.33
1.65
3.79

Xylitel
(9'1)
088
0.98
1.39
175
323

Xylitol
(oL
0.94
1.03
1.21
1.41

Xylitol
(9L)
087
1.18

11.01

16.07

17.81

Xylitot
(g/'L)
0.93
1.10

10.25

13.99

16.32

Xylitol
(g/L)
0.90
0.99
7.83

11.35

14.15

Xyiitol
(o/L)
0.93
1.08
7.70

1153

14.51

Lactic
acid (/L)
2.47
253
246
2.3
2.42

Lactic
acid (g/L)
3.17
3.24
2.9
3.07
294

Lactic
acid (g/L)
2.20
2.36
2.18
2.26
212

Lactic
acid (g/L)
3.14
3.30
3.04
3.08
2.91

Lactic
acid (g/L)
217
217
1.80
1.70
1.49

Lactic
acid (g/L)
3.08
3.12
2.73
2.69
2.34

Lactic
acid (g/L)
218
2.30
2.05
1.93
1.86

Lactic
acid (g/L)
3.05
3.28
3.04
2.95
2.88

Glycerol
(s)
073
2.60
266
2.34
252

Glycarol
(L)
0.51
249
229
252 -
2.70

Glycerol
(/L)
0.36
336
3.32
7
3.63

Glycerol
(g/L)
0.47
3.52
3.36
3.69
3.83

Glyearol
(o)
0.37
3.92
4.30
461
4.39

Glycerol
(gL)
0.46
3.63
4.00
4.33
3.99

Glycero]
(oL)
0.37
5.38
6.25
6.26
6.44

Glycarol
{g/L)
0.46
5.23
598
6.14
6.26

Acetic
acid (g/L)
398
348
3.68
3.84
4.69

Acatic
acid (g/L)
383
3.37
3.16
3.45
3.52

Acstic
acid (g/L)
375
363
2.72
2.88
2.76

Acetic
acid (g/L)
3.77
3.09
3.7
382
4.74

Acatic
aeid (g/L)
377
375
4.48
5.09
5.01

Acetic
acid (/L)
3.80
3.96
6.97
9.30
11.18

Acstic
acid (g/l.)
3.75
4.00
7.08
9.24
12.41

Acetic
acid (g/L)
377
363
414
495
559

Ethanol
(gL}
0.78

2362
28.80
30.89
31.16

Ethano|
(o/L)
0.77

2372
29.69
32.88
33.19

Ethanol
(aL)
0.80

33.56
40,03
44 .94
45.90

Ethanol
(o)
0.81

33.97
37.87
39.40
39.07

Ethanol
(o)
0.81

26.42
34.48
3560
3496

Ethanol
(/L)
0.81

26.53
31.22
30.87
29.08

Ethanol
(g/t)
0.79

32.82
39.14
38.10
3747

Ethanol
(L)
0.78

33.05
4477
46.81
47.95
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